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Since 1940, ships-of-the-line-and-train have mastered the sea s 
kinematics with a lengthening list of Librascope computers 


| E RASCO Attack directors, torpedo and missile angle solvers, weapons 
control computers, attack plotters, depth plotters, position 
keepers, target motion analyzers, stabilization computers, roll 
and pitch computers. At sea as elsewhere, answers come fast 
k | Mi PUTE 4 C and right from Librascope computers. For an eye-opening tour 
oftheexpand- 7! ing boundaries of 


write Librascope, 


electronic calculation, in person or through literature, 
Western Ave.,Glen- 
Employment Mgr. 


A Division of General Precision, Inc. = Librascope, 808 
dale, Calif. = For career opportunities write G. Seltzer, 


computers that pace man’s expanding mind 
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“Certainly sea power will play a vital role in any limited war. Upon reflec- 
tion—to fight such a war without command of the sea on the part of the 
U.S. and its Allies in the free world is unthinkable. And should the deter- 
rent fail and general war ensue, the seas will give us the time and space 
factors we need for early warning and for defense in depth; as well as vast 
maneuver areas for dispersal and concealment of our striking forces.” 


Admiral James S. Russell, USN 
Vice Chief of Naval Operations 


| 
4 
| 
4 
if 
i] | 
| 
| 
| 


datagraf PERSONNEL LOCATOR CHARTS AND REPORTS FOR SEPT. 1960 


17 x 22 inch Staff Directory Charts show personnel with room and phone numbers 


HOW TO ORDER DATAGRAF CHARTS & REPORTS 


Order any of the materials listed here simply by checking what you want 
on the dotted lines of this sheet and returning this listing to DATA PUBLICA- 
TIONS. Indicate quantities in boxes only when AUTOMATIC REVISION 
SERVICE is desired. 


SEPTEMBER 1960 
NEW ITEMS THIS MONTH a 


DATAGRAF Quantity Revisions 
No. Desired and 
Title of Chart or Report Revised & Price @ Now Bill Me 


DOD COMMUNICA- 
TIONS AGENCY (This 
is new Defense Com- 
munication Agency ) | Sept 60 R-2] 

INTERIM REPORT ON 
BUREAU OF NAVAL _| Sept 60 IRBW- 

WEAPONS ......... oO 

DIRECTORATE OF 
CIVIL ENGINEERING 

F 


—USA 1 Sept 60 C-87 $3 oO 
DEPT. DEFENSE FISCAL 

OBLIGATION PLAN 

FOR FY 1961 1 Sept 60 C-46 $3 .......... 0 
DEPT. DEFENSE 

APPROPRIATIONS 

FOR FISCAL YEAR 

1961 1 Sept 60 C-47 $3 ........ 

SEPTEMBER 1960 REVISIONS 
Army Cmd, 
t. Monroe @ § ............ 
Army Signal Cor R&D, 

Ft Monmouth ¢ o 
Army Signal Cor Supply 

Ag USASSA, 

Army Installations 1 Sept 60 R-4  Gpamar oO 
Defense R&E Pers List 1 Sept 60 R-8 pee oO 
Army Chief of Ordnance Ci7. .......... oO 
Army Ballistic Missile 

Agency (ABMA) 1 Sept 60 C22 oO 
Army Rocket & Guided 

Missile Agency 1 Sept 60 C-24 $3 .......... 

(ARGMA) 

Army Engineers R&D Sept 60 C-29 .......... Oo 


(ERDL )—Ft. Belvoir 


SEPTEMBER 1960 
COMPLETE LISTING OF AVAILABLE DATAGRAF ITEMS 


Send All 
Later 
DATAGRAF Quantity Revisions 


No. Desired and 
Title of Chart or Report Revised & Price @ New Bill Me 


DEPARTMENT OF DEFENSE 
Secretary of Defense 
Joint Chiefs—Organization 1 Aug 60 C-53 $5 
ARPA (Personnel) 
DASA—Defense Atomic 

Supply Agency 
*Defense R&E Pers List 
**Defense Communications 


Agency 
**Dept. Defense Fiscal 
bligation Plan for 
**Dept Defense Appropria- 
tions Act for Fiscal 
Year 1961 


DEPARTMENT OF THE ARMY 


Dept of Army Executives 1 Aug 60 C-3 
*Army Chief of Ordnance 
Army Ord Missile Cmd ; 
*Army Ballistic Missile Ag 1 Sept60 C-22 $3 .......... 
*Army Rocket & GM Ag y 
Aberdeen Prv Grnd 
Ordnance Supply 
Distribution System 
*Signal Corps—R&D Lab 
(Ft. Monmouth) 
*Signal Corps—USASSA 
(Supply Agency, Phil.) 
*Eng R&D Lab—Belvoir 
Army TRECOM 
Army R&D Command 
*Hq Continental Army 
Cmd, Ft. Monroe 1S 
*Army Installations 1 Sept 


00800 0 WwW 000000 O 000 


Send All 


DATAGRAF Quantity Revisions 
Order No. Desired. and 
& Price @ Now Bill Me 


Title of Chart or Report 
NAVY DEPARTMENT 


*Navy Department Chiefs 1 Aug 60 C-2 
Bureau of Naval Weapons | July 60 C-71 $5 .......... Oo 
**Interim Rpt on BuWeps 1 Sept 60 IRBW- 
14A $10 .......... D 
Office of Naval Research 1 May 60 C-5 ees O 
Naval Research Lab (NRL) | July 60 C-54 $3 .......... 0 
Navy Ordnance Lab (NOL) 1 July 60 C-78 $3 
SECNAV Responsibilities Aug60 C-84 $3 
Chief of Naval Operations 1! July 60 C-23 
CINCLANT 1 Aug 60 C-85 
COMOPTEVFOR—Com- 
mander Operational Test 
Navy Installations 1 June 60 R-3 
DEPARTMENT OF AIR FORCE 
Dept of AF Chiefs 1 Aug 60 C-4 Oo 
ARDC Hg. 1 Aug 60 C-33 ........... 
WADD (Wright-Pat) 1 June 60 C-68 
AF Ballistic Missile Div 1 July 60 C-SO = $3... 0 
AFOSR (Sci. Research) 1 May 60 C-7 ers oO 
Air Materiel Command 1 June 60 C-30 $3 ........... 0 
AMC Aero Systems 1 June 60 C-45 $3 oO 
AMC Ballistic Miss Div 1 June 60 C-48 $3 O , 
AF DCS—M (Materiel) 1 July 60 C-52 $3 Oo 
Air Force Bases—Map 1 July 60 C-6 
SAC (Strategic AirCmd) 1 July 60 C-79 ........... Oo 
TAC (Tactical AirCmd) 1Aug60 C-69 $3 .......... 
**AF Directorate of Civil 
Engineering 1 Sept 60 C-87 ........... oO 
Air Force Installations 1 June 60 
OTHER FEDERAL ACTIVITIES S| 
Federal Aviation Agency 1 June 60 C-12 .......... o 
Natl Aero & Space Admin 1 Aug 60 C-31 $3 ........... 
U. S. Space Program 1 Aug 60 C-75 $5 .......... 
Atomic Energy Comm 1 July 60 C-80 $3. ........... oO 
DATAGRAF SPECIAL REPORTS AND AVAILABLE BACK ISSUES OF 
DATA MAGAZINE 
Signal Corps Issue 1 Sept 60 M-50 $3 .......... Oo 
Navy Astronautics Issue 1 Aug 60 R-20 $3 ........... 0 
Navy ASW Issue 1 July 60 R-19 $3 ........... 
Bureau of Weapons Issue 0 
ICA Issue 1 Nov 59 oO 
Transportation Corps 1O0ct59 R-10 $3 0 
*Army Installations 1 Sept 60 R-4 $3 0 
Navy Installations 1 June 60 R-3 $3 oO F 
**Interim Report on the 
Bureau of Naval 1 Sept 60 IRBW- 
* Revised this listing ** New offer this listing. 
* * 
DATAGRAF Reader Service 
DATA Publications 
Dupont Circle Building, Washington 6, D. C. 
GENTLEMEN: 
[-] Please send me the items | have checked above. 
[] Please enter a new subscription to DATA’s monthly 
magazine for the addressee listed below. (12 issues for 
$12 per year). 
Payment Enclosed Bill Me Bill Company 
On Bill-Later Orders postage ie added. 
Appl 
as co 
Name . pend 
Publi 
Publi 
1950 
Sheff 
Address. 64 
Wash 
City-Zone-State D' str 


UNDERWATER ENGINEER! NG SE-OD 


| 

| 

| 


underwater 
ERIK BERGAUST 
Dna PUBLISHER & EDITOR 


EDITORIAL ADVISORY BOARD 


ALTON D. ANDERSON 
JOHN S. COLEMAN 
A. B. FOCHE 
| J. WARREN HORTON 
PAUL KAPLAN 
DR. WINSTON E. KOCK 
| CHARLES A. LOCKWOOD 
WALDO K. LYON 
H. W. MENARD 
| MAURICE NELLES 
) LORENZ G. STRAUB 
GEORGE F. TAIT 
T. R. THOREN 
DR. EDWARD WENK, JR. 


* * 
PEER FOSSEN 
| EXECUTIVE EDITOR 


WILLIAM L. STURDEVANT, JR. 
MANAGING EDITOR 


PAUL MEANS 
NEWS EDITOR 


SENIOR CONTRIBUTING EDITORS 
| V. ADM. C. B. MOMSEN (RET.) 
: COM. A. D. HUNTER (RET.) 

E. E. HALMOS, JR. 
ALFRED J. ZAEHRINGER 


x * 


ASSOCIATE EDITORS 


ARTHUR BRANDEL 
| ROBERT D. ECKHOUSE 
R. ADM. P. D. GALLERY (RET. 
FREDERICK |. ORDWAY, II! 
ASA E. SNYDER 
RONALD C. WAKEFORD 


EDITORIAL & PRODUCTION 
ASSISTANTS 


SHIRLEY MciINTOSH 
JANE GROLLEMUND 


@ 
ly ADVERTISING & SALES 
‘or DOUGLAS H. BOYNTON 
Vice President 
my @ 


Application for acceptance 

as controlled circulation publication 
pending at Shepherdsville, Ky. 
Printed in Shepherdsville by 
Publishers Printing Co. 
Published bi-monthly. Copyright 
1950 by the 

Sheffield Publishing Co., Inc., 
61) Washington Bldg., 
Washington 5, D.C. 

D strict 7-8570 


G SE OND ISSUE 


Vol. 1, No. 2, Sept. 15, 1960 


by Peer Fossen 
by Erik Bergaust 
by Alfred Zaehringer 
by E. E. Halmos Jr. 
by William L. Sturdevant Jr. 
by William O. Foss 
features 
UE Staff Report 
Russians Assets te the “Wet. War’ bes 25 
by William O. Foss 
How to Train New Oceanographers ...........0..0eeeeeeeeees 29 
by Gordon A. Riley 
Computing the Hazards of Nuclear Attack ..............25000: 32 
by H. Burke Horton 
by George Rand and John Devine 
Torpedoes and Underwater Rockets .... 40 
by Barron Kemp 
Underwater Propulsion .......... wkend 13 
by Alfred Zaehringer 
Interview with Sen. Henry M. Jackson .... 64 
by U.E. Staff 
Raytheon ASW Research Center ........ 67 
by RAdm. Philip D. Gallery, 
USN (Ret.) 
; Britain’s Role in Marine Science ........ 69 
Sen. Henry M. Jackson by Dr. G. E. R. Deacon 
new underwater engineering products.................. 72 


cover 

One facet of U.S. Navy’s anti-submarine warfare tactics, as shown by drop- 
ping of torpedo from Navy attack plane in ASW exercises. See various fea- 
ture articles on torpedoes beginning on page 40. Cover design by Joe Rob- 
bins, Washington, D.C. 


KK KKK KKK KK 
circulation & subscription 


NOTE—Underwater Engineering circulation is executed on a controlled 
unpaid basis. Engineering and management personnel actively engaged in 
the areas of undersea warfare and oceanography are considered qualified 
applicants. Use the self-addressed post card in this issue or write to Cir- 
culation Dept., 640 Washington Bldg., Washington 5, D.C. 


second issue 
fe 
| 
| 
| | 
— | 
ii 
| 
| 
| 
| 


nautical notes 


By Peer Fossen 


Navy has discovered the LARC, the U.S. Army Transportation Corps’ new 
amphibious lighter manufactured by the Ingersoll-Kalamazoo Division of 
Borg-Warner Corp. Two versions are currently available, the smaller one 
capable of carrying 5 tons of cargo, and the latest version which can handle 
a 15-ton load. 

The LARC-5 has already undergone evaluation tests at Navy’s Little 
Creek, Va. facilities. The 15-ton amphibian is expected at Little Creek for 
testing later this Fall. Navy is primarily interested in investigating LARC’s 
suitability to transport personnel and cargo from attack transport ships, 
such as LSTs, LSDs, and the new LPD. No particular problem is imposed 
in marrying ships of this type with the LARC. 

* 

On larger ships, however, where the amphibians would have to be brought 
on board by means of davits, certain modifications would be required. For 
instance, localized strength would have to be worked into the hull of the 
LARC to accept the concentrated load imposed by the davits. In its present 
form, the forward lifting eye would be positioned in the driver’s seat. This 
situation can be rectified by taking one foot off the bow and adding it to the 
stern. Each davit would be able to handle three LARCS by nesting two on 
deck and leaving one in the davit. 

t 

The LARC has also seen active duty on the space front recently. According 
to reports to UE, NASA has borrowed two LARC-5 vehicles to retrieve test 
capsules fired under the Mercury program. In addition, the British will soon 
have one LARC for evaluation, the Australian Lighthouse Service has ex- 
pressed interest, and the Navy of the West German Federation is keen on the 
idea of taking a closer look. So is Norway. 

The third generation of POLARIS submarines wil! bear an illustrious 
name. The lead ship of the new class will be named Lafayette, in honor of 
the French marquis who became a hero in the American Revolution. 

The Lafayette, designated SSBN 616, will be built by the Electric Boat 
Div. of the General Dynamics Corp. at Groton, Cgnn. Displacing about 7,000 
tons, the Lafayette class submarines will be 425 ft long. 

The first series of POLARIS submarines, with the George Washington 
(SSBN 598) as lead ship, displace about 5,400 tons each and are 380 ft long. 
A second family of these subs, the Ethan Allen (SSBN 608) class, have an 
overall length of 410 ft and displace 6,900 tons. 

Construction of five POLARIS submarines was authorized by Congress 
for fiscal year 1961. The 618, to be built by the Newport News Shipbuilding 
and Drydock Co., will be the last of the Ethan Allen class submarines. The 
remaining three, the 617 to be built by Electric Boat and 619 and 620 to be 
built at Mare Island and Portsmouth (N.H.) shipyards, respectively — will 
be of the Lafayette class. 


Announcement of construction plans for the 616 through 620 brings the 
Navy’s POLARIS submarine count to two subs in commission (George 
Washington and Patrick Henry), seven under construction and five authorized 
for construction beginning this year, a total of 14 built, building or fully 
funded. 

It will be late this year before the Mare Island Naval Shipyard begins 
work on the new POLARIS firing nuclear powered submarine assigned to 
it under the fiscal 1961 shipbuilding program. Reason: The long time re- 
quired to get steel shipped from Eastern steel mills to the West coast. 

The attack submarine Scamp becomes the Navy’s 2lst nuclear powered 
submarine when she slides down the ways October 8 at the Mare Island 
Naval Shipyard. She is the fourth atomic sub to be built at Mare Island. 
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Every Russian trawler and every Russian oceanographic research ship 
snooping around, up and down our Pacific and Atlantic coasts, is a 
spy ship. 

Every Russian scientist and every Russian skipper and crew member 
on any of these ships is working directly or indirectly for the Red 
military machine — as a spy. Now, what are the Russian trawlers and 
oceanographic research ships doing? What are they trying to accomplish 
by cruising in the waters off our coasts? 


For several years, many people have been under the impression that 
the aim of Russian trawler spying was to obtain information on trajec- 
tories, velocity and other technological data pertaining to the launching 
of our various missiles from Cape Canaveral, or even the firing of 
POLARIS from submerged submarines. 


It is not likely that the Russians have been paying much attention to 
Cape Canaveral. It is not likely that they are seeking information about 
our missile firings, because the Russians are still ahead of us in the area 
of guided missiles and space vehicles. 


The crux of the matter is this: the Russian trawlers and oceano- 
graphic research vessels operating off our coasts are collecting a vast 
amount of immensely important military-scientific information of vital 
interest to a nation that might eventually attack the United States with 
her fleet of approximately five hundred long-range submarines. Russia 
could stage a blitz against the United States’ mainland with a combination 
of her long-range missiles and aircraft and her rocket firing U-boats. In 
order to advance her submarine fleet in great numbers right into the 
strategic points off both North American coasts, Russian submarine 
skippers must have complete command over several oceanographic 
tasks: bottom topography; acoustics; transmission losses; and currents. 


These oceanographic areas are the ones that are being studied and 
investigated thoroughly by the Russians. Information and results are 
being fed to the Kremlin — probably at a very rapid rate. And the 
calibrated interpretation of all this information will enable the Russian 
submarine fleet — someday — to stage a mass attack. At that time, the 
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WESTERN GEAR Systems Management can give you a useful 
assist on your major programs. Thinking about exploratory gear for the moon— 
or to probe the secrets of the deep? Even if your exotic problem isn’t quite that far 
out or quite that deep today, now is a good time to acquaint yourself with the men of 
Western Gear’s Systems Management group. From conception to co-ordination of 
engineering activities, they can provide the invaluable assistance that speeds you 
to the solution of the exotic problem. 

Need propulsion gear that achieves ‘‘impossible”’ sound levels? A gear drive 
that functions at a fierce 1000°F? A drive rated at several horsepower that fits in 
the palm of your hand? Rotative speeds approaching that of sound? Backed by 
deep-strength in R & D, the imaginative men of Western Gear's Systems Manage- 
ment Division have a way of making realities out of today's—or tomorrow’'s— 
impossibilities. To consult them on your exotic product or system, call on our 
sales engineer or write <ev® “ANAGe, 
Systems Management 
Division, P.O. Box 182, - 
Lynwood, California. 
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Red submarines will know exactly where and when to go, they will have 
adequate information about our underwater warning systems, they will 
know how to launch their torpedoes and rockets with great accuracy, 
they will know how to communicate and operate their sonar and radio 
gear with the utmost result, and they will know how to hide and how 
to escape and where to settle on the ocean floor, if needed. 


Russia’s interest in oceanography is genuine. It began a long time 
ago, and it was activated at the beginning of the International Geophysi- 
cal Year. They have a serious, scientific interest in oceanography, and 
if you take time out to analyze their IGY reports on oceanographic 
studies, you will notice that there is a definite trend toward high-level 
science in all the work that they have performed. In a way, you may 
conclude that half of their oceanographic research is scientific and of 
interest only to experimenters and researchers in the pure sciences. 
However, the other half lies in the grasp of the Kremlin itself and is a 
part of the vast Kremlin military intelligence system. 


Top U.S. Navy experts are convinced the Russians are not ahead of us 
in oceanography. The Russians do not have better oceanographic re- 
search equipment. They do not have better oceanographic researchers 
or scientists. But the Russians have many, many more “research” ships, 
and many, many more “scientists” for this work than we could possibly 
hope to have within the next decade. Why? Because the Russians have 
staged a mass attack on the oceanographic research problem, have made 
it a national and a military project, and have trained more scientific 
personnel for this job than the United States. 


What can we do about it? Not much right now. Congress could grant 
all the money in the world tomorrow for a stepped-up U.S. oceanog- 
raphy program, but it wouldn’t do any good, because we do not have 
the scientists available. It will take us years to train them. Furthermore, 
there is nothing we can do about the Russian trawlers and the intensive 
Russian oceanographic spying off our coasts. The Russians are clever 
enough to operate in international waters. Nevertheless, there is — 
perhaps — something we can do, right now; we can start to build up in 
our science-minded youth a greater interest for inner space, for the 
greatness of oceanography. We can make oceanography popular, we can 
offer better salaries, we can begin to open the public’s eyes to the fact 
that a Russian attack on the United States will come from under the 
oceans as well as over the oceans. 

Meanwhile, the Russians will continue to map the bottoms of the seas 
— up and down both coasts of North America — and perhaps prepare 
themselves for that big blow that we all pray will be avoided 

Now, here is an amplifying piece of news from the Soviet: the 
Reds are preparing a fleet of two hundred electronically armed trawlers 
for oceanographic work. Modern equipment includes depth finders and 
plotters, sonar, radar, temperature, pressure and current probes. 


And their submarine ship building program is advancing at full speed. 
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USSR is preparing a fleet of 200 electronically armed trawlers for oceano- 
graphic work. Modern equipment includes depth finders and plotters, sonar, 
radar, temperature, pressure, and current probes. 

Quietest sub in the fleet is said to be the newly launched SSK (N)-597, 
Tullibee. Built by Electric Boat Div., the 273-ft long hunter-killer sub is 
the first to be equipped with a turbo-electric drive. The sub also employs 
special gear to eliminate any possible sonar noises. 

* 

Revitalization of submarine air will probably limit all-underwater operation 
to around 120 days, according to a report of Electric Boat. Although im- 
provements in systems are expected, dramatic breakthroughs will probably 
not come in the near future. 

Weight and size parameters of underwater vessels have been analyzed by 
U.S. Naval Ordnance Test Station at Pasadena, Calif. These have been 
reduced to a series of equations directly giving total volume and weight of a 
UW system for a given speed and range. 

Blast-off is a possible new nautical term for rapidly cutting a ship’s 
mooring lines. A circular shaped charge fits around steel cables up to 1% to 
2% in. in diameter and cuts them in ten one millionths of a second. The de- 
vice is being developed by the Hunter-Bristol Div. of Thiokol. Another shaped 
charge cutter is being developed by Underwater Explosives Research Div., 
Norfolk Naval Shipyards, Portsmouth, Va. 

> > 

Magnetic Field Facility has been constructed at U.S. Naval Engineering 
Experimental Station, Annapolis, Md. Advances in naval undersea warfare 
have given increased emphasis to measurement and reduction of even low 
level magnetic fields which are produced by naval craft. Principal mission of 
the facility is to research magnetic countermeasure devices and low magnetic 
field shipboard equipment, and also to provide a means of rapidly testing and 
analyzing prototype equipment under actual running conditions prior to 
installation. 

New installation at David Taylor Model Basin near Washington, D.C., in- 
cludes: maneuvering and seakeeping facility (MASK) for surface ships and 
subs, which includes two test tanks, a 36-in. variable pressure water tunnel 
to evaluate propulsion, cavitation, and noise characteristics of ship props; and 
a 1,500 psi structural test tank used to simulate depth of water above a sub 
in order to check hull strengths of structural models. 

PCH is the designation for Navy’s sub chaser, hydrofoil. This craft, which 
is to have a speed greater than conventional ASW ships, will be 115 ft long, 
displace 110 tons, and will have a 32-ft beam. It will have a long flying range 
and an even longer cruising range, will be equipped with the latest sonar, 
and heavily armed with anti-submarine weapons. 

Cargo-carrying or combat subs have been investigated at Garfield Water 
Tunnel, Ordnance Research Lab., Penn State U. Machinery weight is an 
important parameter of the hydrodynamics of submerged bodies. Underwater 
analogs of the ducted fan, ramjet, and the rocket are regarded as being the 
most important for future vessels. The drag-to-weight ratio allows large 
bodies to travel at greater speeds than smaller bodies. Use of boundary layer 
control and rocket propulsion is predicted. 

Propellants for torpedoes, according to Experiment, Inc., might involve 
use of free sea water as diluted oxidant with aluminum or zirconium fuels. In 
such a system, the performance of aluminum-sea water would be 114 hp-hr/cu 
ft (or 0.70 hp-hr/pound) while the zirconium analog would be 106 and 0.27, 
respectively. 

> 

Underwater jet engine systems include the hydroduct (ramjet), hydro- 
pulse (pulsejet), hydroturbojet (turbojet) and both solid and liquid pro- 
pellant rockets. Aerojet-General concludes that rocket systems offer the 
greatest speeds (at reduced ranges) than those systems using rotating 
machinery. 
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underwater 


By E. E. Halmos, Jr. 


sidelights 


A decision could come at any time on a proposal to use some of the Navy’s 
huge World War II floating drydocks as missile launching pads. The docks— 
some of them big enough to take cruisers (when put together in sections)— 
are actually floating barges that were towed halfway across the world dur- 
ing the Pacific campaigns and were one of the secrets of quick U.S. naval 
recovery after battles. Converting dock section to launching platforms 
would be relatively simple: “Legs”—huge pipe-piles—would be stuck through 
the surface and dropped to the bottom (just as in “Texas Tower” oil rigs, 
now in use) for permanent mooring to the ocean floor. 

* 

Speaking of “Texas Towers,” Coast Guard is beginning its long-standing 
program to eliminate 22 of the 24 stations (mostly along the East Coast) 
now served by self-propelled lightships. Replacements will be towers of the 
“Texas” type, which can be floated to station, then permanently founded on 
the ocean bottom. CG has $1.5 million in its FY 1961 budget for two such 
stations—one off Buzzard’s Bay near Boston, the other off Narragansett 
Bay in Rhode Island. The Buzzard Bay’s tower will cost about $1 million 
and provide quarters for a “crew” of five men; the Rhode Island tower 
will cost $500,000, and will be an unmanned station. 

* 

The Navy’s Civil Engineer Corps was dragged—somewhat unwillingly— 
into that recent series of blowups in the Pentagon over the alleged delays 
in construction of missile bases for the Air Force. It can be revealed that a 
fire-eating memo from AF’s Gen. Curtis LeMay, criticizing the Army’s Corps 
of Engineers, suggested getting Navy’s Bureau of Yards and Docks into the 
construction picture, on the basis of its good record in building missile fa- 
cilities at Naval installations. Upshot of the series of meetings held in the 
Pentagon was the reorganization of the Army’s missile construction work 
under Brig. Gen. A. C. Welling — and a decision to let other construction 
matters stand until Welling had a chance to show what he can do. BuDocks 
stayed out of the argument, except to comment quiétly that it would help 
if called upon. 

« 

The discussion points up a basic difference in the way BuDocks and the 
Corps of Engineers must operate: Corps is working with a separate service, 
the Air Force, which has jurisdiction over design of the missile and its ap- 
purtenances, and then turns this over to the Corps for translation into con- 
crete and steel. BuDocks works with one of the Navy’s own arms—the Bu- 
reau of Weapons—so it can work much more closely (it’s said) with develop- 
ments from start to finish. 

Navy’s work on shore-based missile installations is considerable, although 
there’s been little publicity on it. Construction alone at Pacific Missile Range 
(Pt. Mugu, Pt. Arguello, San Nicolas Island, and various offshore bases) has 
called for expenditure of $10 million or more each year over the past several 
years. That takes no account of money spent on the Atlantic Missile Range, 
China Lake, and other support activities. 

* 

Some idea of what the Navy is spending on underwater engineering can 
be drawn from just a few of the items contained in the $1.1 billion military 
construction bill passed by Congress. The Underwater Sound Laboratory at 
New London got $4.4 million for construction of development and test fa- 
cilities; the Naval Missile Center got $338,000; the Fleet Sonar School at Key 
West was assigned $1.1 million for construction of training facilities; and 
$1.9 million was set up for the Naval observatory at Flagstaff, Ariz., for de- 
velopment and testing facilities. 
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SECOND ISSUE 


RING 


Nuclear power plants for remote areas, where fuel and supply are difficult 
or impossible, continue to be a major Navy interest. Right now, for instance, 
four sites (three of them in Antarctica) are under active consideration: Byrd 
and Pole stations and McMurdo Sound, and Guam. Barge or pier-mounted 
nuclear plants are considered to be feasible—these would be adaptations of 
presently-available nuclear plants, not entirely new concepts. Demonstra- 
tion of the need is this: At McMurdo Sound, all electrical load is supplied by 
two 250 kw diesel generators, which are hard to supply and are not satis- 
factory. By 1962, the demand for power will approach 3,000 kw. At Byrd 
and Pole stations, 60 kw diesel generators supply all power. 


At the moment, there are five reactor plant types that could meet most 
of these power needs—SM-1, SM-1A, PM-1, PM-2A, PL-2. However, none of 
these is pre-packaged, and all would have to be erected on the site—an ex- 
tremely difficult and expensive operation. Navy would rather wait, if pos- 
sible, for packaged plants. 

* * 

If you’re wondering about those letters signifying Nuclear Power plant 
types just above, here’s the Navy’s code, for future reference: First letter 
indicates plant mobility — S means stationary, P portable, M mobile; second 
letter indicates power range — L low power, M medium power, H high 
power; numeral indicates order of initiation of projects with same two- 
letter designation; capital letter following numeral indicates order of initia- 
tion of field plants of the same type. 

One of the great “firsts” in all history was little noted except as a curi- 
osity in the general press. It was the establishment of a commercial under- 
water storage system for fuels off the Florida Coast near St. Petersburg. 
Basically the concept of Dr. Harold G. Quase, a Washington, D.C., physician, 
the system consists simply of two-ply rubberized fabric bags, enclosed in 
wire mesh, which can be towed to location and moored in relatively deep 
water to store liquids and gaseous materials. The $250,000 St. Petersburg 
installation will be used to store drinking water, fuel, medicines and food, 
in the event of attack or hurricane. Such installations could also serve as 
permanent—virtually indestructible—hidden fueling stations for ships. 

* * * 

Just to show the ramifications of engineering connected with the sea, the 
British government is reported to be converting two small World War II air- 
craft carriers (13,000 tons) into fishery factory ships. Helicopters will transfer 
fish catches from trawlers to the factory ships, each of which will make 
four 90-day round trips to the fishing fleets each year. On board the big 
factories, the fish will be quick frozen for delivery to dealers ashore. Each 
of the carriers would require about 50 fishing trawlers to keep it supplied 
with fish. 

+ * 

The immense waves generated in the Pacific after the recent earthquakes 
in Chile have stirred a demand in Congress for improvements in the seismic 
sea wave warning system. Such waves can travel at a speed of 450 miles per 
hour. At the moment, the existing warning system includes five Geological 
Survey seismological stations, each equipped with visible recorders and an 
alarm alert. They are located at Fairbanks and Sitka, Alaska; Tucson, Ariz.; 
Guam and Honolulu, with the Honolulu station acting as nerve center. Peru- 
vian, Japanese, Philippine and other foreign governments also cooperate, as 
does the U.S. Navy, Cal Tech, and others. Problem is that no means has 
been worked out of making reliable predictions as to the actual damage the 
waves may do after detection. Geological Survey wants more money for a 
study program. Understandably, Hawaii’s two Senators are strongly backing 
the proposals. 

The U.S. has agreed to give active support to an international expedition 
to the Indian Ocean that will last nearly four years. The expedition will be 
under the leadership of a special committee of the International Council of 
Scientific Unions, headquartered at The Hague, Holland. The National Acad- 
emy of Sciences will carry the scientific participation load for the U.S. 
Peak activity in the Indian Ocean will occur in 1962 and 1963, when ships 
and personnel from more than a dozen nations will conduct basic research 
in physical and chemical oceanography, meteorology, marine biology, geo- 
physics and submarine geology. Although the Indian Ocean covers 14 per 
cent of the earth’s surface, very little is known of it. Nowhere else in the 
world is there a similar seasonal reversal of the prevailing wind. Its pro- 
ductivity of fish is known to be phenomenal. 
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Industry is beginning to see the 
economic potential of oceanic re- 
search. One result is a flow of money 
into deep-sea activities formerly fi- 
rnanced almost exclusively by insti- 
tutions and government. 

Example: Reynolds Metals has 
developed a deep-diving, all-alumi- 
num submersible called the Alumi- 
naut. Experts believe it has real po- 
tential as a naval research ship and 
perhaps as the forerunner of a rad- 
ically new kind of submarine. Rey- 
nolds is financing construction of 
the vessel by Electric Boat Div., 
Groton, Conn., and will turn it over 
to Woods Hole Oceanographic In- 
stitution for probable lease to the 


undercurrents 


By William L. Sturdevant, Jr. 


oceanography program includes an 
interchange of students and scien- 
tists between M.I.T. and Woods Hole. 
The Texas money has no strings at- 
tached to it, and the company exer- 
cises no control over how it is spent, 
but M.LT. obviously will not over- 
look the potential commercial as- 
pects of its research. 

Reynolds’ financing of the Alu- 
minaut construction does not mean 
the craft lacks favor within the 
Navy. The Office of Naval Research 
included Aluminaut funds in its 
budget but the item was vetoed by 
the Bureau of the Budget. 

Most of the gift to M.1L.T. came 
from Cecil Green. He gave $6 mil- 
lion—$5 million for a new earth 


ably for study in earth sciences, 
(This field covers not only ocean- 
ography but geology, geophysics, 
meteorology, and geochemistry.) 

Oceanographic experts on Capitol 
Hill are gratified by industry’s early 
response to the needs of ocean sci- 
ence. Up till now industrial inter- 
ests in the sea lay mostly in engi- 
neering ventures such as oil drill- 
ing and cable-laying, and contract 
research in the field of military 
oceanography. 

Obviously, the Federal Govern- 
ment will continue to play the lead 
role in a national oceanographic 
program. Oceanography has not yet 
shown enough promise of direct 
commercial pay-off to attract great 
amounts of private risk capital. But, 
as the House Committee on Science 
and Astronautics said in a recent 
report: 

“Studies of substance are almost 
completely lacking regarding either 
the promise for commercial exploi- 
tation of the sea or the mechanism 
by which this could be fostered. 
Such a study would go far to re- 


Office of Naval Research. 1 
Example: Two officials of Texas sciences building and $1 million veal profit potential as well as 
Instruments, Inc., Dallas, have giv- for its maintenance. The other of- means by which the Government, 
en $7.5 million to Massachusetts In- ficial, Eugene McDermott, gave $1.5 through incentive programs and seed p 
stitute of Technology for develop- million for scholarships—preferably capital, could interest industry in iz 
ment of earth sciences, including for students from Texas or other undertaking more research on its 0 
oceanography. M.LT.’s expanded states in the Southwest, and prefer- own.” se 
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This new construction yer water passage through the LENGTH of 
the cable. Even though accidentally severed, the new DSS-3 cable will 
withstand 1,000 psi on the exposed end. This unique construction reduces 
the possibility of flooded compartments or damage to instruments or 
critical mechanisms by water flowing through the cable due to high pressure. 
Cable DSS-3 meets the hydrostatic test of MIL-C-915A, Amendment 8. 
Other Coaxial and multi-conductor constructions are available for Polaris fo 
type submarines, sonar and all deep water applications. BIW Cables are 
presently in use in the Anti-submarine Warfare Program. Ec 
| 
| UNDERWATER CABLES 
RELIABLE 
iss 
1,000 PSI! 
a wi 
the 
A few other BIW underwater cables are: 
TOW CABLES — armored, flexible, 3,000 lbs breaking strength 
. SONAR DROP CABLES — miniature, light weight, multi-conductors 
| HYDROPHONE CABLES — neoprene jacketed, polyethylene coaxials 
TV CAMERA CABLES — pressure resistant, with or without strength members ( 
| WATER TIGHT COAXIAL CABLES Ra 
FATHOMETER CABLES — shielded, 2 conductors 
ARMORED FLOATING TOW CABLE—one inch O. D. cable containing 15 To 
| conductors and 3 coaxes. 
BIW has had long experience inthe design and manufacture of special I 
cables to meet unusual underwater applications. We will be happy to send you 
complete information on the work we have done. Our engineers will be En 
glad to work with you toward the solution of your problems. - 7 
BOSTON INSULATED WIRE & CABLE COMPANY, 80 BAY STREET, BOSTON 25, MASSACHUSETTS zin 
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LETTERS 
10 THE 
EDITOR 


To The Editor: 


Congratulations on Underwater 
Engineering magazine. 

Recognition that Russia’s greatest 
limited-war threat is her huge sub- 
marine fleet can be fostered by this 
publication. A concerted force that 
presses for understanding of the 
needs in oceanographic and under- 
sea warfare research can impor- 
tantly aid our country’s defense 
posture. 

John F. Richard 

Engineering Consultant 

911 - 25th Street, N. W. 

Washington, D. C. 
Thanks a lot. Ed. 


To The Editor: 


After reviewing a copy of your 
publication, Underwater Engineer- 
ing, I would appreciate being placed 
on your mailing list to receive sub- 
sequent copies. 

This type of material has been 
long overdue in our field and will 
most certainly prove invaluable. 

Varoujan Karentz 

Field Project Manager 
Airborne Equipment Center 
Raytheon Co., 

Sudbury, Mass. 


Thank you. Your request is being 
forwarded to our circulation dept.— 
Ed. 


To The Editor: 


It was a pleasure to see you the 
other day at the Press Club and may 
I compliment you on the splendid 
issue of Underwater Engineering 
which you so graciously gave me. I 
will route it around to my staff for 
their reading. All good wishes. 

W. F. Raborn, RAdm., USN, 
Director of Special Projects 
U.S. Navy. 


Our very special thanks to “Red” 
Raborn — “Mr. POLARIS.”—Ed. 


To The Editor: 


I recently saw the first issue of 
your new publication, Underwater 
Engineering. It contained a good deal 
0° excellent information. This maga- 
zine would be quite useful in my 


SECOND ISSUE 


work, and I would like to apply for 
a subscription. If there is a copy of 
Volume 1, No. 1, available, I would 
appreciate receiving it. I thank you 
for any attention you give this mat- 
ter. 

Arthur P. Stoliar 

Principal Engineer 

Applied Science Dept. 

Bulova Research & Development 

Laboratories, Inc. 
Woodside, N.Y. 


Thank you, and your request also 
has gone to the circulation dept.—Ed. 


To The Editor: 


Thank you very much for your 
letter of 28 July 1960 which offered, 
as a service to the U.S. Navy, your 
new publication, Underwater Engi- 
neering, to the Sabmarine Force. 

One hundred forty copies are re- 
quired for complete distribution to 
this Force, allowing two copies for 
each submarine and one copy for 
Squadron and Division Commanders. 

You are to be congratulated on 
your first issue of Underwater Engi- 
neering; it appears to be a fine mag- 
azine. Keep up the good work. 

C. C. Heidel 

Commander, U.S. Navy 

Force Material Officer 

Staff of Commander 
Submarine Force 

US. Pacific Fleet, 

F.P.O., San Francisco, Calif. 


To The Editor: 


In your letter of 28 July 1960 you 
graciously offered to supply each 
U.S. submarine with two copies of 
your magazine, Underwater Engi- 
neering, and requested the number 
of copies necessary to effect such 
distribution. 

We would be most pleased to dis- 
tribute the magazine; however, one 
copy to each submarine staff would 


* be a more effective distribution in 


getting the magazine in the hands of 
the people who will benefit by it. 
Ninety copies will allow us to do 
this for all submarines and staffs in 
the Atlantic Fleet. 
Thank you for your interest in 
the Submarine Force. 
J. H. Stevens, Jr. 
Commander, U.S. Navy 
Flag Secretary 
Staff, Submarine Force 
U.S. Atlantic Fleet 
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and wrong examples, in a 
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The underwater engineering mark- 
et is an expanding market. Consider 
these facts: 


@ The minimum anti-submarine 
warfare (ASW) portion of the 
Navy’s budget for Fiscal Year 1961 
totals $1.42 billion. This excludes the 
costs of military personnel and op- 
erations and maintenance, and does 
not take into consideration that 
practically all ships and aircraft are 
concerned with ASW. 


@ There is a never-ending search 


This giant steel flask is the type 
that provides the boost to launch 
POLARIS missiles from under the 
sea with a mighty blast of com- 
pressed air. Here a nearly completed 
flask, welded together from two 
steel hemispheres produced at Lu- 
kens Steel Co., is being machined. 


UE Staff Report 


for improvement in underwater en- 
gineering capabilities. The Navy is 
the first to recognize that its over- 
all ASW capabilities are still far 
from satisfactory. 

@ There is not a single piece of 
the Navy’s ASW equipment which 
cannot be improved. This is a chal- 
lenge to American industry. 


To contain the Soviet submarine 
force, whose capabilities are improv- 
ing rapidly, the Navy needs: 

1) Warnjng systems that will in- 


dicate the presence and locations of 
submarines in deep ocean areas, in 
convoy or task force areas, and in 
special areas not covered by the 
other systems. 

2) Identification systems that will 
recognize enemy submarines and not 
give false alarms when schools of 
fish or whales approach. 

3) A prediction system, similar to 
existing weather prediction systems, 
for forecasting sound propagation 
conditions over wide areas. 

4) Certain detection of any sub- 
marine which exposes any part of 
itself above the surface. 

5) Discovery and use of phenom- 
ena, other than sound, for location 
of submarines — even though sonar 
is still the most promising submarine 


detection field. 


6) Weapons with range and ac- 
curacy equal to the detection ability 
of the Navy’s equipment, so that a 
submarine found can be a subma- 
rine destroyed. 

In order to aid and encourage in- 
dustry’s participation in the under- 
water engineering market, the Navy 
is streamlining its procedures for 
the reception and consideration of 
new ideas. Furthermore, it is in- 
creasing the release of classified in- 
formation to those companies cap- 
able of helping it solve ASW prob- 
lems. 

The Navy’s original budget plans 
called for $180.5 million for ASW 
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research, development, test and eval- 
uation during fiscal 1961. Congress, 
however, felt there was room for 
improvement in this field, and voted 
$50 million extra, bringing total 
ASW RDT&E money to $230.5 mil- 
lion. 

The Navy had planned to spend 
its original ASW RDT&E budget as 
follows: $63.4 million for classifica- 
tion, detection and localization; $64.2 
million for weapons, ordnance and 
fire control; $29.6 million for vehic- 
les and propulsion equipment; $23.3 
million for collateral, supporting and 
related equipment. 

Defense has released $41.886 mil- 
lion of the added-on $50 million. 
This money is expected to be spread 
out fairly evenly among the vari- 
ous ASW research projects. 

Congressional concern about our 
ASW status brought charges by the 
House Appropriations Committee 
that the Navy was lagging in its 
ASW development program. It 
charged that there was “no indica- 
tion” that the Navy was giving “dra- 
matic or dynamic leadership,” and 
suggested that the Navy set up a 
single manager system for ASW 
work similar to that being used for 
the POLARIS system. 

Admiral Arleigh Burke, Chief of 
Naval Operations, later appeared 
before the Senate Appropriations 
Committee and voiced strong pro- 
test against the House Committee 
suggestion. 


Adm. Burke said the ASW pro- 
gram involves nearly all elements of 
naval operating forces and impinges 
heavily and directly on the procure- 
ment of ships, aircraft and associated 
weapons. “If any one person could 
be considered as a single manager 
of the anti-submarine warfare pro- 
gram that individual would have to 
be the Chief of Naval Operations,” 
he said. 

The CNO also explained that the 
Navy is well aware of the ASW 
problems, and in order to keep con- 
stantly abreast of developments he 
has established within his own of- 
fice an Anti-submarine Warfare 
Readiness Executive charged with 
ASW planning and direction. Addi- 
tionally, the Secretary of the Navy 
has formed an Anti-submarine War- 
fare Committee to provide top level 
policy direction. 

Adm. Burke suggested that Capitol 
Hill leave the ASW program alone 
for awhile so that the program could 
be continued “without the disrup- 
ton” of a major reorganization. 


A major portion of the Navy’s re- 
s arch effort is going into attempts 
increase acoustic detection ranges. 


S COND ISSUE 


Of the more than 100 ASW research 
projects, about half are concerned 
with acoustics and oceanography. 
In oceanography, coordinated re- 
search is being conducted by both 


naval and civilian laboratories. 
These programs support 16 oceano- 
graphic research ships. In 1961 the 
Navy plans to allocate $17.7 million 
to oceanography, compared with 
$14.5 million in 1960. 

The Navy’s Hydrographic Office 
notes that there is a great need for 
adequate oceanographic research 
and testing equipment. The cost of 
developing the average instrument 
prototype is about $75,000. For pro- 
duction engineering of the prototype, 
an additional $100,000 is normally 
required. The cost of thoroughly 
testing and evaluating the instru- 
ment in its various stages is about 
$5,000. 

Important ASW research programs 


“Hydrokeel,” prototype of a new 
concept in water-borne craft, in op- 
erational test by the Anti-Friction 
Hull Co. near Annapolis, Md. The 
craft is 24 ft long and eight ft 
wide. It weighs two tons and is 
powered by two Mercury 800s for 
propulsion, and one Harley-David- 
son 45 cu. in. motorcycle engine for 
generating air lift. Blowers under 
the boat induce it to rise until only 
the knife edges of the longitudinal 
keel remain in the water. Craft is 
capable of speeds over 40 knots. 


XD 


are the various submarine surveil- 
lance investigations, including the 
Atlantis Project. This project, which 
seeks to overcome the different 
ocean surveillance problems in the 
Atlantic and Pacific, studies both 
air and sea detection systems. The 
Navy expended $10 million on At- 
lantis in fiscal 1960 and will spend 
$42.5 million in fiscal 1961. 

In ASW hydrodynamic research 
(hydrofoil craft, submarine and de- 
stroyer hydrodynamics and explora- 
tory ship design), the Navy will 
spend between $6.308 million and 
$10.038 million in fiscal 1961. 

Strangely enough, mine warfare 
and mine defense measures, always 


an important part of ASW, have low 
priority in the Navy’s program. In 
1961 the Navy will spend about $12 
million for mine warfare research. 
This is a reduction of about 15 per 
cent from the previous fiscal year. 
However, the mine research pro- 
gram.does include some new types, 
such as a moored type capable of 
being put down by submarines and 
two by air, all of which are highly 
effective against submarines. 

Important developments in ASW 
ordnance are the Mk-44 acoustic 
torpedo; the wire-guided Mk-37 tor- 
pedo for use by destroyers and sub- 
marines; ASTOR, a long-range, high- 
speed, wire-guided wakeless nuclear 
warhead torpedo for use by sub- 
marines against submarines and sur- 
face ships; and ASROC, a ship- 
launched rocket-assisted torpedo for 
use against submarines. 

Some $55.2 million has been ap- 
propriated for procurement of ord- 
nance and ammunition for the 
Navy’s ASW forces in fiscal 1961. 
Emphasis in this procurement is on 
ASW torpedoes and ASROC. 


The role of electronics in ASW is 
to detect, track and classify sub- 
marines. Funds for fiscal 1961 total 
$27.6 million, better than $880,000 
over the ASW electronics procure- 
ment for fiscal 1960. Biggest portion 
of the electronics money — $22.015 
million — is allocated for buying 
sonar and detection equipment. 


An important part of the elec- 
tronics procurement program is so- 
nobuoys. To be certain that it gets 
more reliability in its sonobuoys, 
the. Navy is tightening up specifica- 
tions and requiring standardized 
production. Sonobuoy procurement 
will be spread out in six different 
contracts. 


ASW communications — the use 
of high frequency direction finding 
equipment to locate submarines — 
is scheduled to cost the Navy $3.060 
million in fiscal 1961. About $5 mil- 
lion has been programmed for pro- 
curement in each of the years 1962 
and 1963. Installation of this special 
equipment will begin in fiscal 1962. 

A substantial portion of the Navy’s 
1961 ASW budget — $345.2 million 
— goes for aircraft and related pro- 
curement. All combat aircraft in 
Navy squadrons have ASW func- 
tions, and carrier task forces ccn- 
stitute a major anti-submarine de- 
terrent. 


One of the new land-based ASW 
aircraft is the P3V-1, a special adap- 
tion of the Lockheed Electra com- 
mercial transport. The new carrier- 
based ASW aircraft, the S2F-3, will 
improve the capability of hunter- 
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Navy Appropriation 


Research, Development, 
Test and Evaluation 


Shipbuilding and Conversion 


Procurement of Ordnance 
and Ammunition 


Major Electronics Procurement 
Total, all appropriations 


ASW Portion of Navy Budget 
(in millions) 


Fiscal Year Fiscal Year Fiscal Year 


Aircraft and Related Procurement 


(1) Includes $20,500,000 DOD Emergency Funds 
(2) Includes $45,000,000 Congress Add-on 
(3) Includes $50,000,000 Congress Add-on 


1959 1960 1961 
(1)$202.7 (2)$225.3 (3)$230.5 
1,012.6 485.7 762.3 
266.3 476.8 345.2 
54.1 50.2 55.2 
60.1 37.9 27.6 
1,595.8 1,275.9 1,420.8 


killer groups when it replaces the 
old and overloaded S2F-is now in 
use. Also a newcomer to the ASW 
team is the Sikorsky HSS-2, the 
Navy’s first all-weather ASW heli- 
copter. 

With all the talk about fast-flying 
jets, the Navy looks for slow-flying 
propeller-driven aircraft in its ASW 
forces. It seeks to develop new air- 
craft equipped with the most mod- 
ern submarine detection gear. 

Blimps, long a favorite ASW wea- 


Electronics Lab. 


pon, apparently are on the way out. 
The Navy feels the blimps are too 
expensive to operate and too vul- 
nerable to adverse weather condi- 
tions while on ASW patrols. The an- 
nual operation and maintenance cost 
for one lighter-than-air ZPG-2W is 
$325,133, compared with $193,273 for 
a P2V-7 aircraft employed in ASW 
work. As the blimps are being 
phased out, a few will be kept in 
service to maintain “the state of the 
art.” 


Navy frogman tests new sonar equipment developed to locate underwater 
objects. The light-weight system is powered by standard flashlight batteries 
and was jointly designed by Stromberg-Carlson-San Diego and the Navy 


The biggest portion of the Navy’s 
ASW money for fiscal 1961 — $762.3 
million — is earmarked for ship 
construction. The ASW ships are: 

1) Three guided missile frigates, 
to be built by private shipyards. In 
addition to operations with anti-sub 
forces, the DLGs will operate offen- 
sively in carrier striking forces and 
amphibious forces. Their guns, plus 
TERRIER and ASROC missiles, 
make them a particularly versatile 
offensive unit in anti-surface, anti- 
sub warfare and in support of am- 
phibious operations. The cost is 
about $76 million each. 


2) Two guided missile destroyers, 
costing $44.4 million each, to be 
built by private yards. These DDGs 
will be about a third larger than 
World War II destroyers and will 
have much better seakeeping qual- 
ities. They will serve with hunter- 
killer groups in the destruction of 
enemy submarines, in support of am- 
phibious assault operations, and in 
screening convoys against subma- 
rine, air and surface attacks. 


3) Two escort vessels, costing 
$25.25 million each, designed for op- 
timum performance in locating and 
destroying enemy submarines. To be 
built by commercial shipyards, the 
DEs will carry the integral bow- 
mounted, long-range sonar, and 
Drone Anti-submarine Helicopters 
(DASH). They will also have AS- 
ROC launchers and anti-submarine 
torpedo launchers. 

4) Four nuclear-powered attack 
submarines, costing $57.2 million 
each. These are two more than re- 
quested by the Navy, and with the 
three per cent cut in procurement 
funds, ordered by Congress, the 
Navy probably will not build three 
of these four. The SSNs are due for 
construction by private builders. 


5) One oceanographic research 
ship, costing $4.9 million, to be as- 
signed to a private shipyard. The 
floating laboratory, civilian manned, 
will conduct oceanographic research 
for application in naval warfare, 
particularly ASW. 

6) One escort research ship with 
an experimental hull of advanced 
hydrodynamic and propulsion de- 
sign. It will be used to obtain data 
for determining the optimum con- 
figuration for mounting sonar. The 
Navy will build only one ship of 
this type. It will cost about $29.3 
million, and will be assigned to a 
private builder. 

7) One deep diving auxiliary sub- 
marine, already assigned for build- 
ing by the Portsmouth, N.H., Naval 
Shipyard. This AGSS will give the 
Navy a small vehicle for exper!- 
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nental development of hull struc- 
jure, sonar equipment, and weapon 
systems for combat subs. It will cost 
about $20.8 million. 


The USS Albacore (AGSS-569), 
the Navy’s auxiliary submarine used 
to develop and test advanced hydro- 
dynamic design features, will under- 
go her fourth conversion in fiscal 
1961. The conversion job, also as- 
signed to the Portsmouth yard, will 
cost $14 million. It will provide the 
Albacore with new motors, propel- 
lers and a long endurance silver 
zine battery. These changes will in- 
crease her speed by at least 50 per 
cent at any depth, and enable her 
to maintain high speeds while sub- 
merged during research runs. 


Conversion of fourteen of the 
Gearing 710 class destroyers is in- 
cluded in the fiscal 1961 program as 
a continuation of the Fleet Rehabili- 
tation and Modernization (FRAM) 
program started last year. The mod- 
ernization cost of each destroyer will 
be around $10.2 million. The FRAM 
work has been assigned to naval 
shipyards. The destroyers will be 
equipped with DASH, ASROC, long- 
range sonar, and other modernized 
ASW gear. 


Atlantic destroyers due for FRAM 
work are the William C. Lawe, 
Samuel B. Roberts, Power, War- 
rington, Joseph P. Kennedy Jr., 
Charles H. Roan, Charles R. Ware 
and Forrest Royal. Pacific destroy- 
ers are Theodore E. Chandler, Hen- 
derson, Hollister, Ozbourn, Arnold 
J. Isbell and Brinkley Bass. 


In addition to the ships directly 
associated with ASW, the new ship- 
building program also includes one 
conventional-powered attack air- 
craft carrier, five fleet ballistic mis- 
sile submarines (including long 
lead-time items for seven POLARIS 
subs), one amphibious transport, 
dock, one fast combat support ship, 
one combat store ship, two large 
harbor tugs and 20 mechanized land- 
ing craft. 

The importance of getting ade- 
quate ships for the Navy’s ASW 
program was stressed by Defense 
Secretary Thomas S. Gates, Jr., dur- 
ing Congressional testimony on why 
the Navy rejected nuclear power 
for its new carrier. The Navy would 
have had to tag on another $130 
million to the $293 million cost of the 
carrier if it had wanted nuclear pro- 
pulsion. Mr. Gates bluntly declared, 
“It is a question of buying anti- 
sibmarine warfare capability in- 
stead of buying nuclear propulsion 
fcr the aircraft carrier.” 
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By William O. Foss 


Submarine overhauls will dominate the work schedule of the Pearl Harbor 
Naval Shipyard from September until next July, reaching a peak in De- 
cember when the yard will be working on six submarines at one time. 

Starting in September the Pearl Harbor yard will be overhauling the 
Medregal, followed by Bashaw and Tang. The peak will be in December 
when the submarines Grayback, Carbonero and Greenfish enter the yard. 
The latter will be a Fleet Rehabilitation and Modernization (FRAM) over- 
haul. 

Completing the submarine overhauls at Pearl in fiscal year 1961 will be 
the Bluegill and Growler, scheduled for overhauling next May. Last August 
the Pearl Harbor yard completed its overhaul work on the submarine Wahoo. 

+ 

First Navy ship to get a miniaturized automatic degaussing system is the 
Wahoo. The new system was installed while the Wahoo underwent overhaul 
at Pearl Harbor. 

The degaussing system will neutralize the submarine’s magnetic field, 
making the ship operational in mined areas. To accomplish this, a rigid 
copper cable was wound around and into the pressure hull at predetermined 
locations vertically and horizontally. The cable was connected in proper 
polarity and energized to neutralize the magnetic field created by the ship. 
The Navy will make a thorough evaluation of the degaussing system before 
installing it on other submarines. 

* 

Only two submarines have joined the “Ten Granders,” a “club” for sub- 
marines making their 10,000th dive. Both subs joined the exclusive club this 
year. The Spikefish was the first to join, making her 10,000th dive March 
18 off Key West. The Sarda made her historic dive July 12 in the vicinity 
of Block Island. 

The bathyscaph Trieste is undergoing complete overhaul at the Navy 
Electronics Laboratory at San Diego. The 75-ton deep-diving submersible 
had been operating off Guam. After overhauling, the Trieste will be used 
in a series of dives off the coast of Southern California. 


Six escort destroyers of Destroyer Squadron 28 — an element of the At- 
lantic Fleet’s adroit anti-submarine Task Group ALFA — have received 


the coveted Anti-Submarine Warfare “A” Award for fiscal year 1960. Win- 
ners were the USS Waller (DDE 466), Conway (DDE 507), Eaton (DDE 
510), Cony (DDE 508), Murray (DDE 576) and Beale (DDE 471). 

To be eligible for the “A” award, a destroyer must attain necessary exer- 
cise and performance merit scores. It must also turn in an excellent per- 
formance throughout the year as a screening ship and ASW attack ship. 

The destroyer Witek, assigned to the Atlantic Fleet's Operational Develop- 
ment Force, has been equipped with a pump jet propulsion system that will 
allow the destroyer to operate quietly in submarine infested waters. The 
propellers run in a barrel structure which produces a jet-like effect in addi- 
tion to the propelling motion of the screws. 

* * 


Cruiser news: The Providence (CLG 6) is the first guided missile cruiser 


” assigned to the Pacific Fleet. She’ll be home-ported in Long Beach, Calif. 


The Helena (CA 75) is undergoing modernization in the San Francisco Naval 
Shipyard. She will be back in the Fleet in November. 

The slogan for Navy Day 1960 — October 27 — is “U.S. Navy—Flexible 
Force For Freedom.” The Navy likes this phrase since it is new and euphoni- 
ous, emphasizes the versatility of naval forces, and stresses the concept of 
mobility. Further, it calls attention to the fact that our Navy is more than 
a deterrent force, since it is dedicated to the attainment of our ultimate 


goal: freedom. 
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... TO THE EXTREME, DARK DEPTHS TO EXPLORE THE VASTNESS GF INNER SPACE, 
THEN — AND THIS IS IMPORTANT TO YOU AS A MANAGEMENT ENGINEER — THE OUT- 
LOOK FOR EXPANDED UNDERSTANDING OF MANY DEFENSE TECHNOLOGIES BECOMES 
BRIGHTER ... 


We at American Avitron have served the NATO countries for more than a decade. We supply vital parts and 
-components to the important air forces and naval fleets of the free democracies on all sides of the Atlantic 
Ocean. We have the experience and the qualified personnel to present fine American products vital to all NATO 
nations. No job is too small, no job is too big. As manufacturers’ representatives and distributors for outstand- 
ing American industries we take pride in marketing high quality American products abroad. 


IF YOU WANT TO SELL TO FRANCE OR TO DENMARK OR TO TURKEY 
— AND IF YOU WANT TO REACH THE AIR FORCES, THE ARMIES AND 
THE NAVIES IN ANY NATO COUNTRY — THEN YOU SHOULD CON- 
TACT AMERICAN AVITRON. 
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not only in editorial excellence, but also in the 
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We proceeded as follows: 
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=— the underwater and oceanography mar- 
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these products. 


3. We screened all manufacturers. ..asked them 
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search, management, development, engineering 
and other specialized capacities in order to 


obtain a hard core of influential buyers ond 
specifiérs. 


4. We went to the Navy and secured complete lists 
of individuals functioning as vital factors with- 
in our undersea defense program. .» 


5. The compiled names were screened and cross- 
checked, and reduced to a total of 15,227 names 
..a positive, able-to-buy list. 


6. All recipients are being mailed a subscription 
qualification card, which gives job-function, 
manufacturing situation, type of product most 
-involved. This procedure will continue at reg- 
ular intervals, in order to keep the list up-dated. 
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Vol. 1, No. 2, 1960 


assets the ‘wet war 


The American public might as 
well get used to hearing about Rus- 
sian oceanographic vessels plying 
our coastlines. They have been do- 


- ing that for a number of years, and 


their visits to our waters are in- 
creasing. 

As a nation, whose history has al- 
ways been based on terra firma, 
Russia has progressed rapidly when 
it comes to winning the struggle of 
the oceans. 


Ten years ago the Soviet Navy 
ranked about ninth among world 
navies. Today the Soviet Navy ranks 
No. 2 to the U.S. Navy. 


Her submarine force is the biggest 
in the world. 

Soviet oceanography was in a pro- 
vincial state about ten years ago. 
Today the Soviet oceanographic re- 
search program far surpasses that 
of the Free World. 

Zhe.U. S. Navy recognizes the 
Communists’ lead in oceanic studies: 
“Soviet effort in oceanography is 


By William O. Foss 


massive, of a high caliber, and is 
designed to ‘establish ahd demon- 
strate world leadership,” states Vice 
Adm. John T:.Hayward, Deputy 
Chief of Naval Operations for -Re- 


-search and Development. 


In the Navy Seapower presenta- 
tion, “The Conquest of Inner Space.” 
we find this admission: “Today we 
trail the Soviets in numbers, ton- 


nage, and quality of seagoing re- ~ 


search ships; we also trail in man- 
power devoted to the job of explor- 
ing the seas; and probably in sup- 
porting facilities of all kinds.” 

Considering the growing size and 
capabilities of the Soviet submarine 
fleet, plus the benefits derived from 
concentrated and world-wide oce- 
anic studies, the “wét war’ —the 
oceanography race—may well de- 
termine the fate of nations and the 
human race. 

Like the crash programs which 
produced the Sputniks and Luniks, 
the Soviet Union has accelerated its 


oceanographic studies. 

The principal coordinating body 
for oceanography in the Soviet 
Union is the Oceanographic Commis- 
sion of the Academy of Sciences. It 
oversees the marine studies of near- 
ly 100 establishments, but the lead- 
ing Russian oceanographic research 
institutions are the Institute of Oce- 
anology of the Academy of Sciences, 
the State Oceanographic Institute of 
the Main Administration of the Hy- 
drometeorological Service, the Ma- 
rine Hydrophysics Institute of the 
Academy of Sciences, the Arctic and 
Antarctic Scientific Research Insti- 
tute of the Main Administration of 
the Northern Sea Route, and the 
All-Union Scientific Research Insti- 
tute of Fish Economy and Ocean- 
ography. 

The number of Soviet’ oceanogra- 
phers, including marine biologists 
and fisheries researchers, is esti- 
mated as high as 800 to 900. Many 
of their oceanographers are young, 


Germany began World War H,.- 


with 57 submarines. She came close 
to winning that war by the destruc- 
tion of allied shipping. Today the 
Soviet Union has 500 or more sub- 
marines. In a short time the ratio 
between these figures may reach ten 
to one. It could also mean ten times 
the World War II threat. 


In discussing the new submarines 
if the Germans at the close of World 
‘Var II, Winston Churchill declared: 
“This weapon in Soviet hands lies 
emong the hazards of the future”. 


Of course, we know the Russians 
took over many German submarines 
—completed or under construction— 
and with new construction the Red 
underseas fleet now represents the 
greatest submarine power in the 
world. 


The tactics and problems of sub- 
marine warfare have changed some- 
what since World War II. Subs are 
faster, can stay under water longer, 
can dive deeper and have better 
armament. Anti- submarine forces 
have better equipment and have 


made extensive efforts to develop 
better tactics and increase their 
training and over-all effectiveness. 
It remains, however, for a full-scale, 
detailed analysis to disprove an im- 
pression that, of the two competitive 
systems, the submarine enjoys the 
advantage. Many experts feel that 
it is the threat of the Soviet sub- 
marines that appears to be the con- 
trolling influence in the Communists’ 
plans to isolate America from the 
remainder of the Free World. 


—Editor’s note 
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U. S. Navy officials sought Federal funding for this undersea research vehicle, 
the Reynolds Aluminaut, which would fill a definite need in our race with the 
Russians. However, Federal budgeteers said no. So Reynolds is paying construc- 
tion costs itself. Model is held here by J. Louis Reynolds. 


but they gain plenty of experience 
when placed aboard large ocean- 
going research ships. 

The present research effort is 
oriented toward applications. Even 
the basic research conducted at the 
institutes of the Academy of Sci- 
ences tends to be directed toward 
ultimate applications. 

An armada of more than 100 ships 
is available to Soviet oceanogra- 
phers. This fleet was first developed 
by converting other ships, including 
a submarine and large cargo ships. 
As the Soviet oceanic research stud- 
ies progressed, so did the ships serv- 
ing these studies. The most modern 
of these ships is the Mikhail Lomon- 


osov, which was constructed es- 
pecially for oceanogfaphic research 
in the Neptun shipyard at Rostok in 
East Germany, and which recently 
operated off the East Coast of the 

S. 

Each of the major Russian ocean- 
ographic research institutions has 
its work cut out for it. Following 
is a brief review of the scope of 
their studies: 

The Institute of Oceanology of the 
Academy of Sciences — The Insti- 
tute is responsible for the complex 
study of the sea and oceans. Found- 
ed in 1946 from the Laboratory of 
Oceanography, the Institute is sub- 
ordinate to the Department of Geo- 


logical and Geographic Sciences o 
the Academy of Sciences. Located a 
Moscow, it maintains stations nea: 
Baku on Artema Island in the Cas- 
pian Sea and near Gelendzhik on 
the Black Sea. Headed by V. G. 
Kort, the Institute has a staff of 
more than 500, including about 120 
scientists. Ships assigned to the In- 
stitute include the Vityaz, Geolog, 
Akademik Vavilov and Akademik 
Shershov. 

The Institute is responsible for the 
study of the physical, chemical, geo- 
logical and biological characteristics 
and processes occurring in the 
oceans. It is also responsible for the 
study of the water level of the 
Caspian Sea. 

The Marine Hydrophysics Insti- 
tute of the Academy of Sciences — 
Responsible for the study of physi- 
cal and dynamic oceanography, the 
Institute was organized in 1948 by 
combining the Black Sea Hydro- 
physics Station at Katsiveli in the 
Crimea and the Marine Hydrophys- 
ics Laboratory in Moscow. It is 
subordinate to the Department of 
Physico-Mathematical Sciences of 
the Academy of Sciences. Work is 
conducted on wave research, the 
thermal reBime of the sea, and the 
interaction of oceans and continents. 
The main Institute is located at 
Moscow and the Black Sea station 
near Simeiz, Katsiveli, Crimea. The 
oceanographic research ship Mikhail 
Lomonosov serves the Institute. 

The State Oceanographic Institute 
of the Main Administration of the 
Hydrometeorological Service — This 
Institute is principally concerned 
with the waters immediately adja- 
cent to the USSR. Formed in 1943, 
the Institute is located in Moscow 


Soviet oceanographic research ship Mikhail Lomonosov, which recently operated off East Coast of U.S. 
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with a branch at Leningrad and a 
iaboratory on the Caspian Sea. The 
Moscow staff totals about 200, while 
i00 serve at the Leningrad branch. 

Most of its research activities sup- 
port the economics relating to the 
fishing industry, the merchant ma- 
rine and the oil industry. Facilities 
of the Institute includes the research 
vessels Professor Rudovits and 
Okeanograf and a 32-component 
Doodson tide machine. 

In addition to its theoretical in- 
vestigations in physical and dynam- 
ic oceanography, the Institute pub- 
lishes books and tables, and pre- 
pares oceanographic forecasts. 

The Arctic and Antarctic Scien- 
tific Research Institute of the Main 
Administration of the Northern Sea 
Route — A Department of Ocean- 
ology within the Institute concerns 
itself with all aspects of oceanogra- 
phy of the polar regions, including 
the study of sea ice. It is also re- 
sponsible for observing and predict- 
ing sea ice and its movement. The 
Department of Oceanology and the 
main Institute are located in Lenin- 
grad. Some 125 to 150 persons serve 
the oceanology department. A small 
laboratory in Moscow is maintained 
for routine chemical, physical and 
geological studies. The icebreakers 
Ob and Lena, which also double as 
oceanographic research vessels, are 
assigned to the Institute. Other In- 
stitute ships are the Fedor Litke, 
Biu, Aktyubinsk, Toros, Polyarnik 
and Lomonosov (not the Mikhail 
Lomonosov, but a smaller, older 
vessel). 

All-Union Scientific Research In- 
stitute of Fish Economy and Ocean- 
ography — Originally organized in 


1933, the Institute has undergone a 
series of administrative changes. The 
main Institute is located in Moscow 
and is subordinate to the Ministry 
of Fish Industry. It has regional 
affiliates in Murmansk, Kaliningrad 
and the Far East. Most of its re- 
search is routine oceanographic 
surveys in support of existing fish- 
ing areas and in the development of 
new ones. The converted submarine 
Severianka does oceanographic re- 
search work for the Institute. 

Let us take a look at the major 
Russian oceanographic research 
ships and the work they have done 
and are doing in the world’s oceans: 

The Severianka — The first sub- 
marine in the world to be used 
solely for oceanographic research. 
She is, however, equipped mainly 
for the study of fish movements in 
the oceans for the purpose of assist- 
ing fishing fleets. The benefits of 
her oceanographic studies cannot be 
overlooked. 

Among the features of the Severi- 
anka are special portholes and pow- 
erful searchlights for underwater 
observation. Schools of fish are first 
located by sounding devices, then 
observed through the portholes. The 
sounding devices operate both down- 
ward and upward. 

Included in her many instruments 
are an underwater television cam- 
era, which makes it possible to see 
what is going on ahead along the 
course. Other instruments include 
apparatus for measuring underwater 
currents, bottom soil samplers, tem- 
perature readings of the water, 
measurement of light and percent- 
age of oxygen content in sea water. 

Also included in her extensive 


gear are photographic equipment for 
shooting both still and motion pic- 
tures of underwater life. 

The rebuilt Russian navy subma- 
rine has a tonnage of 1,050. Her first 
study trip was in the Barents Sea 
in 1958, followed with oceanographic 
expeditions into the fishing areas of 
the Atlantic Ocean. 

Mikhail Lomonosov — This 5,960- 
ton oceanographic research ship, 
which operates primarily in the 
Atlantic Ocean, is the pride and joy 
of the Soviets’ oceanography fleet. 
Completed in August 1957, the Mik- 
hail Lomonsov visited New York in 
1959 in connection with the meeting 
of the International Oceanographic 
Congress. Her complement normally 
numbers 132, with scientists slightly 
outnumbering sailors, 67 to 65. 

Americans who visited the Mik- 
hail Lomonosov said she was well 
equipped with modern oceanograph- 
ic research instruments. Among her 
equipment are radar gears of ad- 
vanced design, elaborate radio com- 
munications facilities, and a British- 
built loran navigation aid. 

When U.S. Navy planes flew close 
to the Mikhail Lomonosov, she was 
engaged in studies of the Gulf 
Stream currents and their influence 
on navigation, fishing, and the 
climate, according to Soviet reports. 

Among the observations made 
during recent Atlantic visits by the 
Mikhail Lomonosov are these: 

1) Fluctuations in the North At- 
lantic currents and their effect on 
the climate in Europe and the 
northern waters. 

2) Chemical identifications of the 
ocean water. 

3) Discovery of three underwater 


eer’. 


‘ityaz, flagship of the Soviet oceanographic vessels in the Pacific. Crew of 64 is outnumbered by scientific staff of 73. 
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The United States may be far advanced in modern submarines . . . 


peaks between England and the 
United States. These peaks, ranging 
from 650 meters to 4,000 meters, 
were not marked on any known 
maps, the Russians claim. 

4) Foreshadowing the entrance in 
the Atlantic waters of more Russian 
fishing vessels, the Mikhail Lomon- 
osov has reported new promising 
fishing areas in the northwestern 
Atlantic. 

5) “We discovered that the waters 
of the Atlantic were polluted by 
radioactive waste,” wrote the Mik- 
hail Lomonosov scientists in a re- 
port to their home office, the Marine 
Hydrophysics Institute of the Acad- 
emy of Sciences. The ship scientists 
said they had discovered that radi- 
ation is not only on the surface but 
carried by many thermic currents 
down to a depth of 200 meters. 

Vityaz — Flagship of the Soviet 
oceanographic vessels in the Pacific 
Ocean, this 5,546-ton ship is a con- 
verted cargo diesel ship. She joined 
the oceanic studies in 1949 after 
being completely overhauled to ac- 
commodate a crew of 64 men and a 
scientific staff of 73. 

During her oceanographic studies 
in the Pacific as part of the Inter- 
national Geophysical Year program, 
the Vityaz twice visited San Fran- 
cisco. Thirteen Russian oceano- 


graphic research vessels participated 
in the IGY oceanography program. 

While sailing in the Pacific dur- 
ing the IGY program, the Vityaz 
sounded a record depth of 35,948 
ft, off the Philippines in August 
1957; discovered a 20,340-ft depres- 
sion in the ocean floor north of the 
New Hebrides Islands; and brought 
to the surface from depths of 35,000 
ft several previously unknown spe- 
cies of sea animals. 

Later, in March 1959, the Vityaz, 
investigating the Marianas trench 
in the Western Pacific, recorded a 
record depth of 36,173 ft. 

Like the Mikhail Lomonosov sci- 
entists, oceanographers aboard the 
Vityaz showed concern about using 
the ocean as a dumping ground for 
atomic fission wastes. Research by 
the Vityaz showed that Pacific wa- 
ters are in continuous movement. 
This makes it “inadmissible” to pol- 
lute the deep waters of the Pacific 
with atomic waste, wrote the Vityaz 
oceanographers. 

Ob and Lena — These are 12,000- 
ton ice-breaking diesel cargo ships 
originally Gesigned for use on Rus- 
sia’s northern sea route. They have 
been converted for oceanic research, 
and give the Soviets an excellent 
capability in polar seas. 

The Ob supports the Soviet Ant- 


. «+ but who can say we are ahead in oceanographic research ships? This is the 
Vema, owned and operated by Columbia University. 


arctic expedition, and her scientist: 
have studied the interaction of Ant- 
arctic waters with the waters of th 
Atlantic, Pacific and Indian Oceans 

During her Antarctic travels, th: 
Ob discovered a volcanic mountaii: 
range rising nearly 10,000 ft above 
the bottom of the Pacific Ocean be 
tween Antarctica and South Africa 

Manganese ore in the ocean bot- 
tom deposits were found in the 
Tasman Sea and Pacific Ocean by 
the Ob scientists. 

The Ob has also studied the flow 
of ice off East Greenland in connec- 
tion with research work for fore- 
casting the sailing conditions of the 
Northern Sea Route. 

The Ob is equipped with a heli- 
copter landing platform. 

Zarya—This three-masted schoon- 
er of 580 tons is the only non-mag- 
netic ship in the world, according 
to Soviet claims. She has sailed in 
the Atlantic, Indian and Pacific 
Oceans, proving data for updating 
contemporary magnetic charts. Sub- 
stantial anomalies have been re- 
ported by the Zarya. Aside from 
aiding surface navigation, such data 
is useful for determination of mine 
fuze settings and for missile guid- 
ance and control. 

Other Russian oceanographic re- 
search ships include the Voyeikov, 
which also has made meteorological 
studies in the Sea of Japan; the 
Sedov, another sailing ship, which 
was recently sighted about 300 miles 
south of Augusta, Me.; the Ungo, 
which was shot up by a trigger- 
happy North Korean gunboat (the 
Reds claimed a South Korean navy 
ship did the shooting). 

Among heavyweights in the Rus- 
sion oceanographic fleet are the 
Pole, 5,000 tons; Sevastapol, 3,000 
tons; Diamond, 1,500 tons; Ekvator, 
1,500 tons; and Okean, 3,000 tons. 

In addition to the many oceano- 
graphic research vessels, the Soviet 
Union can also count upon a number 
of ever-growing and well-equipped 
ocean-going trawlers. These traw- 
lers are known to be equipped with 
oceanographic research equipment, 
and they are often sent on surveys 
in waters where it is not expedient 
to send the larger ships. 

While the Soviet Union does not 
yet have a bathyscaph like the U.S. 
Navy’s Trieste, reports from Russia 
tell of the Soviet scientists building 
both smaller and larger bathyscaphs. 

It is obvious that the Soviet Union 
intends to stay in and excel in 
oceanography for both military and 
economic reasons. 
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how train new oceanographers 


Before we can discuss education 
and manpower problems in ocean- 
ography cogently, we must consider 
what oceanography is and what the 
requirements are for productive 
work in the fieldOceanography may 
be roughly defined as the ap- 
plication of certain basic disciplines 
— mathematics, physics, chemistry, 
biology, and geology — to any and 
all oceanic problems. We _ can 
broaden the definition slightly by 
adding that certain other interdis- 
ciplinary fields such as meteorology, 
geophysics, geochemistry, and lim- 
nology have made important con- 
tributions both to the intellectual 
content of oceanography and to its 
manpower. 

Oceanography, then, is an applied 
science in the fundamental sense of 
the term. Suppose, for example, that 
a geneticist working with a marine 
species finds that his material com- 
prises several different strains. He 
might isolate these strains genetic- 
ally and examine their slightly dif- 
ferent physiological properties. We 
would not tend to call this man an 
oceanographer, although he happens 
to be working with a marine animal. 
We might call him a marine bioi- 
ogist. He might even be employed 
in an oceanographic laboratory on 
the grounds that his work is poten- 
tially useful to oceanographers. Sup- 
pose now that this man becomes 
curious as, to whether his strains, 
with their slightly different physi- 
ological tolerances, can explain a 
rather spotty and discontinuous dis- 
tribution of the species in nature. 
To pursue this problem he will have 
to investigate certain aspects of the 
marine environment — perhaps the 
seasonal temperature cycles in the 
various localities where his species 
is found, perhaps salinity distribu- 
tion, perhaps he must investigate 
the natural food of his species and 
its regional variations, and so on. 
This is biological oceanography. And 
it is characteristic of the subject as 
a whole, as well as the hypothetical 
example, that oceanography has a 
content of its own, of facts and in- 
terrelationships that cut across the 
lines of the basic disciplines and 
which must be mastered before 
©-eanographic problems can be un- 
d-rtaken effectively. 

Thus the growth of oceanography 
p-oceeds by two processes. One is 
te development of oceanographic 
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theory and knowledge, per se. The 
other is the seeding into its content 
of new concepts that arise in the 
basic sciences. Without the latter, 
oceanography undoubtedly would 
become sterile sooner or later. 

Ideally then, a prospective ocean- 
ographer attains thorough ground- 
ing in a basic science of his choice 
and as much knowledge of the others 
as he can acquire within the frame- 
work of ordinary academic training. 
To this is added, usually at the grad- 
uate level, professional training in 
oceanography. 

In practice, training methods have 
varied widely and still do. Until the 
late prewar years there were few 
formal courses, and no degrees were 
offered in the subject. Manpower 
was recruited from the basic disci- 
plines, and oceanographic training 
was a do-it-yourself project. Thus 
when the Woods Hole Oceanographic 
Institute was founded in the early 
1930’s, there were only two staff 
members who had had extensive 
oceanographic experience. The 
others were recruited from basic 
disciplines in the universities. But 
within two years after occupancy of 
the plant, the first volume of col- 
lected reprints was distributed, con- 
taining papers of good oceanographic 
quality. By modern standards this is 
not the most efficient way to pro- 
duce oceanographers, but it was con- 
tinually done in those days, and in- 
deed many men are still recruited 
who have little or no academic 
training in oceanography. 

In the early postwar years the 
number of universities offering grad- 
uate degrees in oceanography in- 
creased from three to 11. Fleming 
(1957), in a paper entitled “Present 
Status and Future Development of 
Oceanography,” listed an additional 
15 universities providing education 
of one sort or another in oceanog- 
raphy but not granting a degree in 
the subject.1 The roster has not in- 
creased substanfially since then, al- 
though the number and quality of 
course offerings have improved. 

At the present time the type of 
graduate education varies widely. 
Universities offering a degree in 
oceanography generally list some 
five to 15 formal courses in addition 
to thesis work. Others offer a degree 
in a basic discipline, with the ocean- 
ographic program consisting of two 
or three courses and thesis super- 


vision. Quoting from chapter 8 of 
the report of the National Academy 
of Sciences Committee on Oceanog- 
raphy: 

“Opinions differ as to whether the 
major emphasis at this level of train- 
ing should be on the basic discipline 
or on the more specialized profes- 
sional aspects of oceanography. Thus, 
the young oceanographer is not a 
standardized product. This is prob- 
ably a healthy situation in any in- 
terdisciplinary profession, leading to 
diversification of knowledge, inter- 
ests, and technical skills. However, 
it must be admitted that thorough 
education in both oceanography and 
basic science cannot be accomplished 
within the usual span of graduate 
study. Postgraduate study and on- 
the-job training are necessary.” 

Fleming (1957) listed 18 univer- 
sities that offer one or more under- 
graduate courses in oceanography. 
Only one grants a bachelor’s degree 
in the subject. Most oceanographers 
feel that there is potential danger 
in specializing so early and that the 
best men should not be urged to 
embark on such a course. However, 
if the student goes on to a Ph.D. in 
the same subject, and if he has full 
realization of the need for a well- 
rounded course in the basic disci- 
plines as well, the results may be 
excellent. 

The quantity of oceanographers 
that-is being produced is small and 
by no means meets the current de- 
mand. The questionnaire distributed 
by Fleming (1957) showed that in 
the five-year period from 1949 to 
1953, 29 Ph.D.’s were granted and 98 
M.S.’s. There is no record of the 
number of oceanographers that were 
recruited from basic disciplines with 
limited training in oceanography or 
none. Probably the number exceeded 
those with full professional training. 
Nor is there more recent information 
available, pending completion of a 
survey now underway under the di- 
rection of the Committee on Educa- 
tion and Recruitment of the Ameri- 
can Society of Limnology and Oce- 
anography. At the moment we can 
only say that recruitment needs to 
be increased in order to supply pres- 
ent and expected future needs. Dou- 
bling the oceanographic manpower 
during the next ten years, as rec- 
ommended by the Committee on 
Oceanography of the National Acad- 
emy of Sciences, would require an 
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average output of 80 oceanographers 
per year. 

One difficulty in expanding train- 
ing programs is that the pursuit of 
oceanography as a research subject is 
not entirely compatible with teach- 
ing. This is partly due to the obvious 
difficulty of scheduling course work 
and seagoing operations so that they 
do not seriously conflict. Either an 
instructor must limit himself to short 
cruises in coastal waters or he must 
have frequent leaves of absence for 
more extended sea duty. As far as 
the university is concerned, this kind 
of teaching is expensive, since the 
course load of an individual instruc- 
tor is likely to be less, on the aver- 
age, than in the more stereotyped 
departmental program. Also buying 
and operating a research ship is re- 
garded by many universities as pro- 
hibitively expensive. There are, as a 
matter of fact, only five universities 
that operate large ships suitable for 
deep sea research. The remainder 
have smaller vessels, or none, and 
their students are deficient in this 
practical aspect of their training. 

One of the most pressing needs of 
the small university laboratories is 
for growth and diversification of 
their staffs. These small laboratories 
consist almost entirely of biologists 
and biological oceanographers. They 
have learned a few techniques of 
physical and chemical oceanography 
to supply background for biological 
studies and to give breadth to the 
training of young biological ocean- 
ographers. They do not have the 
necessary background to produce 
physical oceanographers. This is par- 
ticularly unfortunate since the great- 
est shortage is in the physical branch 
of the subject. 

Some large, nonuniversity labora- 
tories, of which the Woods Hole 
Oceanographic Institution is an out- 
standing example, are keenly aware 
of these problems and have made a 
sincere effort to permit their staff 
members to accept part-time teach- 
ing posts in universities and also to 
provide subsidiary training for visit- 
ing graduate students ashore and 
afloat. These efforts are praise- 
worthy, but have been only partly 
successful. Teaching efforts by their 
staffs at distant campuses seriously 
interfere with research programs, 
and opportunities for student train- 
ing cruises often do not arise at 
times that are consistent with aca- 
demic programs of the students. 

We find then that out of a total of 
400-odd Ph.D.’s in the oceanographic 
community, not more than about 50 
are actively engaged at any one time 
in the academic training of the 
younger generation. Their efforts are 
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hampered by lack of diversification 
of their staffs and by poor physical 
facilities. These handicaps probably 
cannot be removed except by liberal 
infusion of Government money in 
the form of basic institutional sup- 
port. 

Let us turn now to the matter 
of recruiting graduate students in 
oceanography. We must admit at the 
outset that certain requirements for 
a successful oceanographic career 
tend to set it apart from other scien- 
tific endeavors. The average ocean- 
ographer will spend a tenth or two- 
tenths of his life at sea — probably 
more than this at the beginning of 
his career, and less as advancing 
years bring increasing teaching and 
administrative duties. He will do his 
work under conditions that often are 
uncomfortable and seldom are op- 
timal for scientific manipulations. 
He sometimes will be separated from 
his family for considerable periods. 
He needs to have physical and men- 
tal aptitudes that make this kind of 
life attractive or at least tolerable. 


This paper was presented at the 
Eighth Conference on _ Scientific 
Manpower and is reprinted with 
permission from a report on the 
Conference published by the Na- 
tional Science Foundation in June 
1960. 


Every oceanographic laboratory must 
have a hard core of these seamen- 
scientists, although there are also 
niches for people who seldom if ever 
go to sea—theoreticians, taxono- 
mists, and so on. 

Thus the prospective candidates 
who come tous are a selected group 
of people who think they would like 
this kind of life. In all fairness we 
give them some seagoing experience 
as soon as possible so that they can 
confirm their choice or change their 
minds. 

If you were to inquire around the 
country whether we are getting 
enough candidates of the right kind, 
opinions would vary from one labo- 
ratory to another. Perhaps the best 
general answer is obtained by con- 
sidering again the placement of the 
finished product. To those of us who 
are hiring oceanographers or plac- 
ing our Ph.D.’s it is quite apparent 
that there is a shortage, varying from 
slight in the biological branch to ex- 
treme in physical oceanography. We 
could profitably produce more and 
shall have to do so if the field is to 
expand. However, I see no real diffi- 
culty in expanding the training pro- 
gram gradually, other than the 
problem of financial support. 


In discussing the careers and prob 
lems of graduate students I shal 
first talk about what I know best— 
namely, the situation in my ow! 
university. In the broader outline 
it is typical of the countrywide situ 
ation, except where otherwise spe- 
cified later. 

We happen to be one of the uni- 
versities that grant a degree in a 
basic discipline rather than in ocean- 
ography, per se, and with rare ex- 
ceptions we have only doctoral can- 
didates. Virtually all of our students 
are aiming for a career in biological 
oceanography. 

Requirements for admission in- 
clude college courses in physics, cal- 
culus, organic chemistry and its pre- 
requisites, and a solid undergraduate 
major in biology. Any deficiencies in 
these requirements must be made up 
early in the graduate career. The 
student then goes on to formal grad- 
uate courses and examinations in 
the department of his choice. He 
takes a course in oceanography and 
one in ichthyology that are given 
by the staff of the Bingham Labora- 
tory, but are nominally part of the 
graduate curriculum of the zoology 
department. These are followed by 
a series of informal seminars in vari- 
ous specialized aspects of the subject. 

Thesis supervision is jointly ad- 
ministered by the Bingham Labora- 
tory and the department in question. 
In some cases there have been inter- 
departmental degrees when the the- 
sis cut across the lines of the disci- 
plines. About half of our students 
do their work in local waters where 
we operate a small, continuing 
oceanographic program. If a man 
wants to join an expedition or go to 
another oceanographic institution to 
collect thesis material, we try to 
make this possible, provided he has 
developed to a point where we feel 
he is able to work effectively with 
little or no direct supervision. Thus 
in recent years we have had disser- 
tation problems in such diverse lo- 
cations as the Arctic Ocean, Bermu- 
da, and the west coast of Peru. A 
recent and growing development is 
for junior staff members of non- 
teaching laboratories to come to us 
on leaves of absence for formal aca- 
demic training, bringing with them 
thesis material that they have col- 
lected as part of their job. 

There are two main points to be 
made in connection with this recital. 
One is that our requirement for 
advanced knowledge of both a basic 
discipline and oceanography is a 
more arduous task than that of most 
other graduate students. In the sec- 
ond place, a dissertation based on 
field collections is likely to be more 
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lme-consuming than laboratory 
studies. This is particularly true 
when the research is done on an 
expedition. As a result it tends to 
be a long course of study. None of 
our students has completed a Ph.D. 
in less than four years; five or six 
is a more usual number, and oc- 
casionally it is as much as seven. 

In universities that have depart- 
ments of oceanography the situa- 
tion is not very different. There are 
more courses in oceanography and 
less work in basic disciplines, but 
the latter cannot be neglected. 
Young men who are not well pre- 
pared at the undergraduate level 
may have to spend a year or two 
acquiring the necessary background 
before specializing in oceanography. 

In our university there are three 
main avenues of financial support. 
The majority of students earn their 
living as teaching assistants in their 
department. Then there are re- 
search assistantships. These are 
mainly derived from grants and 
contracts obtained by departmental 
staff members, most of them from 
Federal sources of one sort or an- 
other. Thirdly, the top 10 per cent, 
more or less, can win fellowships 
from the university or from several 
Government agencies. 

All of these sources provide a 
rather minimal wage. It can sup- 
port a single man. A couple can live 
in reasonable comfort if the spouse 
has a job. A man with family re- 
sponsibilities is heavily handicapped 
if not entirely excluded unless he 
has an independent source of in- 
come. A man who acquires family 
responsibilities during his student 
career is automatically sentenced to 
a long and difficult period during 
which his studies suffer while he 
spends most of his time earning a 
living. 

These difficulties are, of course, 
common to all of the disciplines. 
The American system of higher ed- 
ucation has turned all of our grad- 
uate students, supposedly of our 
intellectual elite, into second-class 
citizens for the duration of their 
period of study. If it is worse for 
prospective oceanographers, it is 
only because their term of study 
tends to be somewhat longer than 
hat of some other disciplines. 

In certain other respects the sup- 
ort of prospective oceanographers 
‘eates special problems. It has been 
ointed out that a number of uni- 
ersities have departments of ocean- 
graphy which are exclusively grad- 
‘ate departments. Their students 
ius are blocked off from the major 
uurce of ordinary university sup- 
tort; mamely, teaching the under- 
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graduates in their departments. 
Their only support then is fellow- 
ships or research assistantships. 
Frequently the latter require more 
time than teaching assistantships. 
It is argued that such jobs in them- 
selves constitute good training for 
their profession, which may be 
quite true in many cases. Neverthe- 
less, from the students’ point of 
view it is undesirable to prolong 
this period of penurious existence. 

Then there are the students whose 
thesis research requires extensive 
fieldwork away from the university. 
This precludes their support by 
either teaching or research assist- 
antships. Some few are able to get 
fellowships from one or another 
Federal agency. Support for the 
others must be found in some other 
way, if at all, often with consider- 
able sacrifice of private university 
funds that we can ill afford to spend 
in this way. 

The Committee on Oceanography 
was well aware of all of these 
problems and felt that any signifi- 
cant expansion of present training 
programs would require an increase 
in outside support, particularly with 
respect to fellowship aid and money 
for additional staff positions. Spe- 
cifically we recommended a sum of 
$300,000 per year to be used to 
support fellowships at an annual 
rate of $3,500 to $4,000 per year, 
and an additional $500,000 per year 
for expansion of teaching facilities. 
We suggested that the funds be 
administered by the National Sci- 
ence Foundation. 

These recommendations were em- 
bodied in a bill that was introduced 
into the House of Representatives 
by the Honorable Mr. Brooks of 
Louisiana as H.R. 6298. A hearing 
was held on August 24, 1959, by 
the Subcommittee on Geophysics 
of the House Committee on Science 
and Astronautics. At the hearing 
this bill was opposed by NSF on 
the grounds that it was against their 
policy to support fellowships for 
any specific discipline. Moreover, 
our purposes would be served if 
the basic stipend were lower but 
earried a substantial dependency 
allowance. 


I appreciate the NSF point of 
view. There are certain dangers in 
singling out a particular discipline 
for special favor. Those of us who 
have been trained in the university 
tradition tend to feel rather strongly 
that all kinds of scholarly endeavor 
are to be equally respected and 
supported. Nevertheless the present 
system has not solved our problems, 
and a change is in order. Whether 
it be the kind recommended by the 


Oceanography Committee or some 
other policy change more palatable 
to NSF is immaterial if it solves 
our problem. 

A satisfactory alternative solu- 
tion could be obtained if NSF were 
granted additional funds for fellow- 
ships and if they simply recognized 
the fact that a problem exists and 
that something should be done about 
it. Let me explain what I mean in 
some detail so that there will be 
no misunderstanding. 

NSF bestows fellowships on the 
best students. Experience has shown 
that there is no point in recom- 
mending a student for one of these 
fellowships unless he ranks in the 
top 10 to 20 per cent of his class. 
The remainder, though virtually in- 
eligible for this kind of support, 
are, nevertheless, competent people 
who have a useful career ahead of 
them as scientists. We try to pick 
graduate students with a promising 
future, and we examine them care- 
fully during the first two years to 
weed out any wrong choices. It 
would be harmful to our reputation 
and would be no kindness to the 
students to retain any whose sci- 
entific potential seems to be poor. 

It is among these advanced stu- 
dents, who are tried and competent 
although admittedly not of the top 
rank, that the problems I have 
mentioned are well-nigh insoluble. 
This is no time for them to abandon 
a promising career because of sud- 
denly increased family responsibil- 
ities. Nor should a man be forced 
to abandon plans for an interesting 
thesis problem in a remote location 
or in a non-teaching laboratory 
simply because he has to stay on 
campus in order to earn his living. 

Problem cases exist in all disci- 
plines, although as I have indicated 
they are intensified in interdisci- 
plinary fields. Thus I am not plead- 
ing for a special field, but rather 
am asking for a general liberaliza- 
tion of NSF policy so that human 
needs can be considered wherever 
they exist. I submit that any com- 
petent graduate student should be 
eligible for support when this kind 
of special need can be established. 
Admittedly this puts a heavier bur- 
den on NSF in judging applications 
and distributing funds fairly. But it 
is only by some such means that 
we raise our graduate students to 
the status of first-class citizens. 
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computing hazards nuclear attack 


In many important research areas, 
direct experimentation is becoming 
increasingly difficult. This trend 
began before World War II, and it 
is well illustrated by the costs of 
making statistical tests on the ac- 
curacy of American bombsights 
during World War Il. The require- 
ment that plane, crew, and bombing 
range test each bombsight caused 
each statistical test or observation 
to become very costly. However, 
clever statistical procedures for ex- 
tracting the maximum amount of 
information from limited observa- 
tions made possible the solution of 
the problem at reasonable cost. 

A similar example occurs in case 
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of tests or experiments that require 
destruction of the sample. If every 
cartridge in a lot is fired, an ex- 
cellent and complete report can be 
written about the quality of am- 
munition in the lot. Unfortunately, 
this leaves no ammunition. Statis- 
ticians have solved this problem by 
developing very excellent sampling 
techniques, procedures, and rules 
for quality control. As a result, the 
quality of ammunition during World 
War II was held at very high levels 
on the basis of tests that destroyed 
only a fraction of total output. 

The trend toward higher costs of 
tests and experiments has continued 
for the last two decades. Since the 


war, the costs of testing nuclear 
weapons, reactors, long-range mis- 
siles, and space vehicles have risen 
to such high levels that each statis- 
tical observation costs many millions 
of dollars. Beyond even these costly 
experiments, there are cases in 
which the cost has become infinite. 
For example, we are now quite in- 
terested in such things as the physi- 
cal processes in the interior of the 
sun, and the physical phenomena 
that could account for the complete 
life cycle of a star extending over 
billions of years. Clearly these ex- 
periments have an infinite cost, and 
yet we have an increasing interest 
in running such experiments. 
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The nuclear age has brought about 
certain contingent events for which 
the experiment costs, while not in- 
finite, are unacceptably high. For 
example, we would like to know, 
and consequently we would like to 
have experimental data on, the ef- 
fects of an all-out nuclear attack 
on a large, modern nation such as 
the United States. The unacceptable 
cost of one direct observation in 
studying such a problem would be 
many millions of lives, the loss of 
decades of progress and capital ac- 
cumulation, the devastation of a 
large and valuable part of our plan- 
et, and some adverse effects on the 
health and well-being of all future 
inhabitants of the planet. Fortunate- 
ly, by proper use of electronic com- 
puters, it is possible to gain con- 
siderable insight into the probable 
effects of nuclear attack on the 
United States by simulating such 
attacks. Many such attacks have 
been simulated and analyzed by the 
National Damage Assessment Cen- 
ter, Office of Civil and Defense 
Mobilization (OCDM). 

This article will not be a dis- 
cussion of results, findings, or rec- 
ommendations concerning Amer- 
ican vulnerability. Much of such 
information is highly classified. 
What is presented here is an un- 
classified discussion of the tech- 
niques which permit analysis of the 


vulnerability of the United States 
to nuclear attack. The methods used 
are of interest to computer users 
because they illustrate a method of 
attack on the increasingly impor- 
tant class of problems in which di- 
rect experimentation is either im- 
possible or not permissible. 
Traditional mobilization planning 
in the United States, from 1917 to 
about 1945, consisted of detailed 
plans and programs for diverting 
the vast stream of American produc- 
tion from peacetime products and 
services to the requirements of war. 
A period of many months or several 
years was found to be necessary to 
accomplish such a large-scale di- 
version of national resources. The 
administrative machinery for im- 
plementing this kind of economic 
and industrial transformation was 
highly developed in the United 
States by 1945. It is worthy of note 
that the United States, as a democ- 
racy, succeeded in making a more 
complete diversion of peacetime re- 
sources than achieved by its totali- 
tarian opponents. This diversion of 
industrial might was the basis of 
victory in World Wars I and II. 
With the detonation of the first 
nuclear weapon, scientists through- 
out the nation realized that ulti- 
mately our immunity to large-scale 
destruction would disappear. How- 
ever, for a time everyone was op- 


timistic. Some felt that there would 
be no more wars; others felt that 
many decades would be required 
for any other nation to duplicate 
the Manhattan Project. Optimism 
on both counts was canceled in the 
late 1940’s and early 1950’s by tech- 
nical, military, and political events 
which sare familiar to all. By the 
early fifties, it was clear that the 
United States could be damaged. 
The only questions that remained 
were: 1) how much, 2) what could 
be done about it, and 3) what 
changes in mobilization plans and 
basic policies and procedures of 
mobilization planning were neces- 
sary. 

It is not necessary to retrace the 
steps taken during the late fifties, 
but it is now generally recognized 
that there have been two principal 
changes in our thinking and in our 
preparations: 1) forces in being, re- 
quired for deterrence and possible 
retaliation, now take precedence 
over a professional nucleus for a 
slow military build-up, and 2) the 
non-military resources of the na- 
tion must be geared to survival 
planning and long-range recovery, 
rather than support of an extended 
military effort. 

The analytical techniques _re- 
quired for study of the effects of 
nuclear attack on the country are 
basically very simple. A library of 
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all major resources of the United 
States has been accumulated and 
stored compactly on magnetic tapes. 
This library contains information 
such as to type, exact location, 
amount, physical vulnerability, and 
detailed classification of resources. 
Coverage includes each census tract 
of all the large cities of the United 
States, as well as every urban place 
and, in effect, statistical coverage 
of every individual. Every manu- 
facturing plant with 100 or more 
employees has been pinpointed and 
included in the resource library. 
Every important rail-classification 
yard, power-generating station, air 
field, dock, bridge, tunnel, univer- 
sity, water-control or pumping sta- 
tion, pipe-line station and the like, 
has similarly been pinpointed and 
included in the library. By statisti- 
cal techniques, all the land in the 
United States, the livestock and 
principal crops, are covered. Over- 
all, something on the order of 300,- 
000 to 400,000 points are required 
for this extensive coverage of about 
100 major classes of domestic re- 
sources. 

In addition to resource coverage, 
tables of weapons effects have been 
compiled, based upon tests in Ne- 
vada and in the Pacific. These ta- 
bles cover blast and thermal effects 
for a wide variety of yields, with 
scaling parameters for interpola- 
tion and extrapolation. Mathemati- 
cal models of the fallout of radio- 
active debris from the large mush- 
room clouds resulting from nuclear 
detonations have also been pre- 
pared. These models take account of 
the distribution of debris within 
the cloud, the particle sizes, rates 
of fall, and statistical approxima- 
tions to currents in the atmosphere. 
On the basis of this information, the 
mathematical model gives a measure 
of the time of arrival and the in- 
tensity of radiation resulting from 
each weapon over an area extend- 
ing hundreds of miles downwind. 
The overlapping effects of numerous 
weapons affecting a given area are 
accumulated in the computation 
process. 


From biological experiments, the 
effects of radiation on living re- 
sources have been estimated. These 
include acute effects such as death 
and radiation sickness, and then, 
by rather tenuous extrapolations, 
long-term effects involving such 
things as directly accelerated mor- 
tality (through exposure), land con- 
tamination, and resulting indirect 
effects on livestock, crops, and the 
population. 

In order to make realistic esti- 
mates of the possible weight and 
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distribution of attacks, gaming 
techniques have been devised for 
the statistical translation of gross 
attack plans into realistic attack 
patterns which take account of mis- 
carriage of plans, gross errors, de- 
fensive kills, and statistical varia- 
tion in the accomplishment of ob- 
jectives. 

Finally, computer programs have 
been written to make it possible to 
put all of this diverse information 
together and, in effect, to run hypo- 
thetical attacks against the United 
States. The computer programs cov- 
er computation of casualties, the 
losses of other resources, and the 
preparation of summaries of what 
is left for recovery. 

Computer summaries prepared by 
the National Damage Assessment 
Center have thus far been presented 
primarily in tabular form; however, 
techniques have been developed for 
mapping what might be called the 
“attack environment.” Maps show- 
ing weapons effects, particularly 
fall-out, at a standard scale of 
1:2,500,000 are used extensively. 
Larger scale maps at 1:500,000 will 
soon be used for the portrayal of 
weapons effects in greater detail in 
metropolitan areas. All such maps 
are printed routinely on a standard 
high-speed printer. Plans are well 
advanced for computing bar and 
line charts, based upon data con- 
tained in the damage summary 
tables. 

All of the above information— 
tables, maps, and charts—will be 
stored on a high-capacity drum sys- 
tem now nearing completion. Any 
particular portion of the stored in- 
formation can be called up, in a 
matter of seconds, for display on 
the face of a number of large cath- 
ode ray tubes. The information in 
the drum system is kept up to date 
by a Univac Scientific Computer 
which serves as the principal ana- 
lytical tool of the Center. 

In the event of an actual attack, 
all of the analytical procedures 
mentioned above (except the theo- 
retical gaming of a hypothetical 
attack) would be utilized to provide 
initial estimates of the status of 
surviving United States resources. 
A rather extensive data-transmis- 
sion network, including equipment 
ranging from ordinary teletype to 
300-character-per-sec equipment, 
will permit dissemination of dam- 
age estimates. to government relo- 
cation sites and regional centers. 
Later information from such 
sources as aerial surveys, statistical 
samples, and field censuses and re- 
ports will be used to update the 
early computer estimates of the 


condition of resources. The updatec 


information will be summarized 
mapped, charted, stored, displayed 
and disseminated in the same man. 
ner as the initial computer esti 
mates. 

In the earliest days of the Na- 
tional Damage Assessment Program 
it became apparent that adequate 
preparation for nuclear attack 
against the United States would re- 
quire more than intuitive judgments 
based upon analysis of a number of 
hypothetical attacks. What was 
really required was a mapping of 
the new hazards in much the same 
way that temperatures and rainfall 
contour maps are prepared for ag- 
ricultural purposes. The principal 
difference was that these maps 
needed to be prepared before it 
“rained” the first time. Further- 
more, the mapping needed to be 
done for different families of attack 
patterns and for different time 
periods. 

Initial estimates of the time re- 
quired to “Monte Carlo” a single 
attack, using about 100 trials, ran 
from six months to one year. Im- 
proved formulation and a more mod- 
est type of fallout model reduced 
the time to a few weeks. Further 
improvements in formulation, now 
in process, will reduce the compu- 
tation time to a few days, even 
though a much greater amount of 
information will be produced. 

The finai results come out in two 
forms: 1) probability tables, show- 
ing the two-way frequency distri- 
bution of blast and fallout hazards, 
and 2) maps, with sufficient printed 
code numbers to permit the draw- 
ing of hazard (blast and fallout) 
contours. Such tables and maps 
quantify the risks and provide a 
basis for rational steps to reduce or 
minimize risks in an economic man- 
ner.* Analysis of several families 
of possible attack patterns can re- 
veal the common denominator of 
probable hazards at points through- 
out the United States. 

The results of such analyses are 
generally classified. However, cer- 
tain important results have been 
released in unclassified form. The 
use of such studies by OCDM has 
led to some important recommenda- 
tions for the protection of life and 
property in the United States. One 
such recommendation is that each 
family should now construct a suit- 
able fallout shelter, stocked with 
at least a two-week supply of water, 
food, and other essential items. 

*The computer program for this 
computation is appropriately named 
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effective detection of submerged objects, a vital 
consideration in submarine weapons systems design, 
hinges upon proper use of translation devices for 
the conversion of acoustic and electrical energy 


transducers: key sonar 


By George Rand* 
and 
John Devine’ 


Acoustic compressional waves in 
the sonic and ultrasonic ranges rep- 
resent the most effective means of 
determining the range, bearing, and 
depth of submerged submarines 


Because of this, electronic engi- 
neers are concentrating in many de- 
fense projects on the problem of de- 
veloping improved sonar systems. 
Sonar, a word coined from SOund 
Navigation And Ranging, generally 
applies to the various types of un- 
derwater sound devices for the de- 
tection of submerged objects. The 
devices are also useful in oceano- 
graphic work. 


*Engineering section head, Surface 
Armament Division, Sperry Gyro- 
scope Co. Division of Sperry-Rand 
Corp., Great Neck, L. I., N. Y. 

+Engineer, Surface Armament Di- 
vision, Sperry Gyroscope Co. Divi- 
sion of Sperry-Rand Corp., Great 
Neck, L. I., N. Y. 


The key element of a sonar sys- 
tem is that instrument which 
translates the acoustic pressure fluc- 
tuations into electrical signals: the 
electroacoustic transducer. This unit 
affects both the transmitted acous- 
tic energy level as well as the elec- 
trical signals received by the sonar. 
The transducer, too, is a controlling 


factor in the system’s directional - 


characteristics and its receiving sig- 
nal-to-noise ratio. 


In the parlance of the sonar engi- 
neer, the term, transducer, refers to 
a reversible device useful for both 
reception and transmission. A. unit 
designed specifically for reception is 
known as a hydrophone, while its 
counterpart for transmission is a 
projector. 


Sonars vary in complexity and 
scope. Their operational principles 
may be classified in two fundament- 
tal types. These are the passive, or 
listening, sonar, and the active, or 
echo-ranging, sonar. 
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The former is used to search for 
underwater noise-producing objects 
and can give target bearing at great 
ranges while remaining silent in it- 
self. Active sonar is similar in op- 
eration to a radar system. Pulses of 
sound energy are transmitted into 
the water by the sonar transducer, 
and upon striking a submerged ob- 
ject, part of the sound energy is re- 
flected back to the transducer. 


In a passive sonar system the un- 
derwater sound is detected by hy- 
drophones which are acoustically 
sensitive. When compressional 
sound pressures reach it, the hydro- 
phone generates small voltages 
which are amplified and used to in- 
dicate the presence of the under- 
water sound source to the operator. 


Active sonar makes use of an echo 
which indicates the presence of a 
submerged object. The time interval 
between the transmission and recep- 
tion of energy serves as a measure 
of the range. Echo-ranging sonars 
have the advantage over convention- 
al listening sonars of providing 
range information as well as bearing 
data. They have, however, the dis- 
advantage of much shorter range. 


A sonar transducer consists of sev- 
eral active elements. The latter may 
be either magnetostrictive, piezo- 
electric, or electrostrictive types. At 
the lower frequencies, some use is 
made of electro-dynamic transducers 
similar in construction to that of 
loudspeakers. The active elements 
are housed in metal or plastic with 
a rubber cover, or boot, isolating the 
elements from the water. Passive 
electrical matching elements com- 
plete the device. 


Transducers may be classified al- 
so in respect to their radiating sur- 
faces. These are plane-faced pis- 
ton, multi-element cylindrical, and 
straight-line; known, respectively, as 
searchlight, scanning, and line trans- 
ducers (or hydrophones). 


A depth-sounding, circular search- 
light sonar transducer weighs about 
100 pounds. It incorporates a crystal 
array having an active diameter of 
nine in. The complete assembly has 
an over-all housing diameter of 16 
in. and a height of about 10 in. The 
steel housing contains two water- 
tight compartments, the crystal ar- 
ray being mounted in one chamber 
which is covered by an acoustically 
transparent rubber boot. 


The crystal plates, each 2% in. 
long, 1% in. wide, and %4-in. thick, 
are isolated by a rubber cork 
pressure-release material. The ar- 
ray is mounted on a metallic plate, 
referred to as the backing plate, in 


order to achieve a transducer reson- 
ant frequency lower than that ob- 
tainable with the basic crystals 
alone. An inductor tunes out the ca- 
pacitive reactance of the crystals 
and presents a pure resistive load 
to the transmitter at the operating 
frequency. 


A scanning transducer consists of 
a cylindrical housing on which are 
mounted 24, 48, or more identical 
staves, each containing a number of 
active elements. The stave compart- 
ment is oil filled or separated by an 
oil layer from the rubber boot that 
is stretched around the housing. The 
central compartment of the trans- 
ducer contains impedance-matching 
elements, usually one for each stave, 
and necessary cable entry and seal- 
ing holes. A bottom cover seals the 
central compartment from the sea 
water. 


A typical crystal transducer of 
this type consists of 48 staves, has a 
diameter of 19 in., an over-all height 
of 26% in., and weighs approximate- 
ly 600 pounds. 


A line-type hydrophone consists 
of three 1%-in. diameter 1%-in. 
high barium titanate ceramic cyl- 
inders, corprene separators, and a 
rubber coating to insulate the cyl- 
inders from the water. Since the 
basic radial resonance of these cyl- 
inders occurs near 40 kc, the low- 
frequency response of the hydro- 
phone is relatively flat with fre- 
quency. Larger size ceramic cylin- 
ders operating in the radial, or 
circumferential, resonant mode can 
also be used as sonar projectors to 
produce an omnidirectional directiv- 
ity pattern in the plane of the diam- 
eter. The pattern is a plane contain- 
ing the long axis of the projector as 
a function of its height. 


The pertinent characteristics of a 
transducer, such as resonant fre- 
quency, efficiency, voltage response, 
directivity pattern, power-handling 
capacity, and impedance, are con- 
trolled to a large measure by the 
type, shape, size, and mounting of 
the transducer active elements. The 
half-wavelength longitudinal (length 
equals a half-wavelength in the ma- 
terial) and the one-wavelength thin- 
walled cylinder (circumference 
equals a wavelength in the mater- 
ial) are the basic types of elements 
used in sonar transducers. 


Magnetostriction, associated with 
ferromagnetic metals, iron, nickel, 
and cobalt, and alloys of these me- 
tals, refers to the change in dimen- 
sions of these materials when pla- 
ced in a magnetic field. It also ap- 
plies to the inverse effect of change 


in magnetization when the dimen 
sions are changed by an externa 
force. The direct magnetostrictiv: 
phenomenon is known as the Joul 
effect. The inverse magnetostrictiv: 
effect is referred to as the Villar: 
effect. 


A magnetostrictive element con- 
sists of a laminated core structure or 
toroidally wound cylinder with a 
magnetizing element and electrical 
winding. A magnetic bias is requir- 
ed in order to prevent contraction 
on both positive and negative cycles 
of the sine wave and vibration at 
twice the applied frequency. 


A magnetostrictive nonresonant ra- 
dial-mode hydrophone element used 
with submarine sonar equipment 
consists of a nickel alloy tube fitted 
with a bar magnet to produce a per- 
manent magnetic field in a- toroidal 
electrical winding. The hydrophone 
has a diameter of two in. and a 
length of about three ft and is 
mounted horizontally topside on a 
submarine. When sound energy 
strikes the hydrophone, the strain 
causes a change in magnetization 
which induces a voltage in the 
winding. The acoustic energy is thus 
converted into electrical signals and 
these, in turn, are amplified to indi- 
cate the presence of a target. 


Another transducer, used in sonar 
communications equipment, is a cyl- 
indrical resonant magnetostrictive 
transducer. It consists of a toroidal 
coil wound on a core of two identical 
Permendur scrolls which operate at 
remanence (the residual magnetiza- 
tion of a ferromagnetic substance 
subjected to a hysteresis cycle when 
the magnetizing force is reduced to 
zero) and have a nominal resonant 
frequency of 8.5 kc. The scrolls ex- 
pand and contract diametrically at 
the exciting frequency. 


An interesting magnetostrictive 
element for sonar application is the 
mass-loaded ring vibrator, shown 
below. The fundamental resonant 
frequency of a ring vibrator is pro- 
portional to the ratio of the stiffness 
to the mass and, therefore, to its 
average diameter. Increasing the ra- 
dial thickness of the ring increases 
its mass but also increases its stiff- 
ness in approximately the same ratio 
so that its fundamental radial fre- 
quency changes very little. 


Because of this, rings which are 
resonant in the lower portion of the 
audio frequency range are very 
large in diameter. A structure of a 
given size can be made to resonate 
at a much lower frequency than the 
fundamental resonance of an equiv- 
alent ring by increasing the mass of 
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‘oe ring and decreasing its effective 
stiffness. 

Magnetostrictive transducers have 
certain basic limitations which in- 
clude the magnetostrictive effect of 
the core material, the strain level 
that can be tolerated, the dissipation 
of heat generated in the core, and 
the geometry of the elements. These 
place a limit on performance and 
operational characteristics. 


The efficiency of these transducers 
may be as high as 80 per cent at 
low levels but usually falls consider- 
ably below 40 per cent under high- 
power conditions. They are charac- 
terized by rugged construction, rela- 
tively high weight, high Q, low driv- 
ing impedance, and narrow band- 
width. The Q of an unloaded trans- 
ducer may be several hundred. 
However, when the transducer is 
water loaded, the Q will vary usual- 
ly between 5 and 40, with the usual 
value falling in the region of 10 to 
15. 

Piezoelectric effects were first 
demonstrated by Jacques and Pierre 
Curie after they had discovered that 
certain crystals became electrically 
polarized when compressed in a 
particular direction. Little advance- 
ment was made from 1880 until 
World War I when the submarine 
menace resulted in the first quartz 
electro-acoustic transducer. 

Following World War I, the piezo- 
electric field was relatively neglect- 
ed until the early 1930’s when in- 
terest was renewed in the commer- 
cial application of piezoelectric crys- 
tals such as Rochelle salt (sodium 
potassium tartrate). Interest mount- 
ed rapidly. Several hundred natural 
and synthetic crystals were found 
to have piezoelectric properties. A 
major contribution to the transducer 
art during World War II was the 
growing of ammonium dihydrogen 
phosphate (ADP) crystals, widely 
used in sonar transducer construc- 
tion. 

Only Rochelle salt, lithium sul- 
fate, and ammonium dihydrogen 
phosphate are used to any extent in 
sonar work. The application of Ro- 
chelle salt is very limited because 
of its water solubility and wide vari- 
ation of electrical characteristics 
with temperature. Rochelle salt has 
a piezoelectric activity about a thou- 
sand times that of quartz, but un- 
fortunately this activity dwindles 
rapidly at temperatures above 45 de- 
rrees C and the crystal disintegrates 

bove 55 degrees C. Lithium sulfate 
i; used in thickness and volume-ex- 
| ander plates. It is particularly well 
suited for use in wide-frequency 
tand omnidirectional hydrophones. 

The majority of crystal sonar 
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transducers, particularly units for 
high-power operation, use ADP ele- 
ments. These crystals provide high 
electro-mechanical coupling. In ad- 
dition, they are linear, reversible, ex- 
tremely stable with temperature and 
exhibit no hysteresis effects. ADP 
crystals are stable up to 100 degrees 
C and do not dehydrate since they 
contain no water of crystallization. 
At normal operating temperatures, 
ADP crystals have a higher electro- 
mechanical coupling coefficient than 
any other available nonferroelectric 
crystal. 


ADP crystals are grown in large 
quantities in supersaturated solu- 
tions. Usually, the bars grow to a 
size of from 12 to 16 in. in length 
and approximately four in. square 
before 45 degree z-cut oriented 
plates are cut from them for trans- 
ducer application. The z-cut is one 
made perpendicular to the bar’s 
longitudinal (z) axis, and 45 degrees 
to the plane (x-y) axis. 

A sonar transducer is made up of 
a large number of these ADP crys- 
tals cemented into an array. The 
array is bonded to a metallic back- 
ing plate or to a pressure release 
material, the entire assembly being 
mounted into the housing with prop- 
er acoustic isolation. 

“Electrostriction” is defined as the 
deformation of a dielectric when 
subjected to an electric field. It oc- 
curs as a low-magnitude effect in 
all materials. In some, however, such 
as barium titanate (a ceramic ma- 
terial which has gained wide popu- 
larity because it is amenable to com- 
mon ceramic techniques and cap- 
able of being shaped into complex 
forms), large electrostrictive effects 
are observed when its molecular dip- 
oles are oriented by means of a po- 
larizing voltage. When stressed, bar- 
ium titanate behaves as though it 
were piezoelectric and develops po- 
tential differences. 

Barium titanate ceramic has a 
high dielectric constant which var- 
ies with temperature and peaks 
sharply at the transition point. This, 
as well as its other characteristics, 
can be altered, however, with the 
addition of certain additives. Chief 
among these are lead and calcium 
titanate. 

The transition temperatures of 
straight barium titanate occur at 
around 10 degrees C and 120 de- 
grees C and this material, there- 
fore, should be operated below 95 
degrees C since loss of activity oc- 
curs if the upper transition is ex- 
ceeded. Additives can reduce the 
lower Curie temperature to —15 de- 
grees C or suppress it almost entire- 
ly, or raise the upper transition tem- 


perature to approximately 150 de- 
grees C. This gives the designer a 
wider choice of operating tempera- 
ture ranges than that available with 
most transducer materials. 


The addition of calcium or lead 
will usually satisfy the capacitance- 
temperature variation requirement 
for hydrophones. A combination of 
calcium, lead, and other additives 
can be used for increasing the co- 
ercive force by as much as 300 per 
cent. This allows greater power in- 
puts to the ceramic without satura- 
tion or depolarization. These addi- 
tives, however, also result in lower- 
ing the piezoelectric activity and a 
reduction in the dielectric constant 
and electromechanical coupling co- 
efficient. 


Newer materials have been intro- 
duced recently which tend to increase 
the operating temperature range of 
the titanates. Two of these newer 
materials, lead zirconate-lead titan- 
ate (PZT) and lead metaniobate, 
show Curie points of 380 degrees C 
and 575 degrees C. Such character- 
istics permit high temperature oper- 
ation without deterioration. Both 
have lower dielectric constants, 
about 800 for PZT and 280 for the 
lead metaniobate. Both of these 
compositions exhibit about twice the 
efficiency of barium titanate as far 
as voltage generation is concerned. 


The principal advantage of bar- 
ium titanate for sonar transducer 
use is its high dielectric constant 
and resultant relatively low imped- 
ance. It is resistant to moisture, rug- 
ged, relatively inexpensive per unit 
of area, and is capable of operating 
through a wide temperature range. 
The fact that it can be produced in 
a great variety of sizes and shapes 
is also useful. 

The choice of the specific active 
material to use in a transducer is 
based upon numerous factors. No 
specific rules can be given. In gen- 
eral, however, barium titanate is us- 
ually found most suitable for ap- 
plication involving frequencies 
above 100 ke. In the 10-to-100 ke 
range, all three groups of ma- 
terials can be used for efficient op- 
eration. Below 10 kc, barium titan- 
ate is again a convenient material 
to use. 


Eddy current losses, which in- 


crease as the square of the frequen- 
cy, tend to limit the operation of 
magnetostrictive elements at the up- 
per frequencies. On the other hand, 
the size and weight of these ele- 
ments become excessive at the lower 
frequencies. 
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torpedoes 


and underwater 


rockets: 


Here’s a Close Look 


At Tomorrow's Weapons 


-AND SOME BASIC CONSIDERATIONS 


Almost all activities with tor- 
pedoes in the United States during 
recent years have been in the modi- 
fication or improvement of existing 
systems with a minimum of change. 
As a matter of fact, our most mod- 
ern torpedoes today very closely 
resemble the original prototype de- 
signed by Robert Whitehead 90 
years ago. Were it not for our 
knowledge of the exceptionally su- 
perior performance of sea animals 
as stimulus, we might accept the 
Whitehead concept of torpedoes as 
the ultimate in basic design. 

The concépt of applying the 


* principles of sea-animal locomotion 


to torpedoes is disconcerting to 
many people. Application of these 
principles seems to imply that tor- 
pedoes would resemble fish. Fish 
require special handling to main- 
tain their viability; their bony and 
muscular structure is complex; they 
are elusive, wiggly, unreliable and 
slimy. On the other hand, the mod- 
ern torpedo is an esthetically beau- 
tiful piece of machinery. It repre- 


By Barron Kemp 


sents many years of expensive re- 
finement of the Whitehead proto- 
type and @ tremendous investment 


X IS A FUNCTION OF SPEED, REYNOLDS NUMBER 
OR RECIPROCAL CAVITATION NUMBER 


Y IS A FUNCTION OF NOISE, BOUNDARY LAYER 
TURBULENCE OR DRAG 


C IS THE CRITICAL VALUE OF X WHICH VARIES 
WIDELY WITH PROPULSION SYSTEM TYPE 


Fig. 1. Relationship between speed 
and noise of torpedoes. 


of knowledge. It is powerful, rug- 
ged, reliable, smooth and shiny. 

The objective of a torpedo is to 
deliver a lethal payload to a sur- 
face or undersea target. In contrast 
to weapons such as bombs and 
depth charges, mines and gun-fired 
projectiles, the torpedo is unique. 
It travels through water, is self- 
propelled and usually guided or 
homes on the target by means of 
self-contained equipment. Its only 
true counterpart is the air-to-air 
homing missile such as the FALCON 
and SIDEWINDER. During its his- 
tory the torpedo has accounted for 
more enemy tonnage than any other 
weapon, and will probably be the 
weapon of the envisioned undersea 
submarine-to-submarine duel of the 
future. 

Consideration of size and speed 
helps establish the boundaries of 
sea-animal locomotion for torpe- 
does. Both of these factors are 
closely related to range, accuracy, 
and stealth. 

A torpedo must be large enough 
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by the Navy, and many are already in — | 


Table 1. FAST SEA ANIMALS 
REPORTED SPEEDS 

Animal Speed (knots) 
Sail Fish 70 
Sword Fish 50 
Flying Fish 
Porpoise 32 
Mackerel 26 
Barracuda 24 
Whale 21 
Salmon 11 


to carry its lethal payload and the 
auxiliary equipment necessary to 
get that payload to the target. This 
size is presently established at a 
diameter of 10 to 24 in., a length of 
seven to 24 ft, and a weight of 250 
to 4,000 pounds. 

It is conceivable that a slow, un- 
guided torpedo can kill a much 
faster target if the target does not 
make evasive maneuvers. However, 
if part of the torpedo run involves 
pursuit, it is essential that the speed 
of the torpedo exceed that of the 
target. Five knots is generally con- 
sidered a sufficient speed advantage 
so that as long as the maximum 
speed remains between 30 and 35 
knots, a maximum torpedo speed 
of 40 knots should suffice. 

With present acoustic homing tor- 
pedos, “rush” or “flow” noise around 
the nose begins to present a prob- 
lem about 35 knots. However, self- 
noise from a propeller propulsion 
system creates problems at much 
slower speeds. Torpedoes have fre- 
quently been observed “chasing 
their own tails” as a direct conse- 
quence of self-noise generated by 
the propulsion system. This prob- 
lem is solved to some extent in 


modern acoustic torpedoes by hav- 
ing more than one running speed — 
the speed being adjusted to the self- 
noise versus target-noise ratio. How- 
ever, propulsion noise represents a 
serious problem that limits the speed 
of conventional torpedoes. The typi- 
cal relationship between speed and 
noise is illustrated in Figure 1. 

It is not yet established that the 
fastest fishes swim silently at high 
speeds, though submerged whales 
do. Nor is it certain that all of the 


fast sea animals employ passive an | 
active sonar, although a few defi 
nitely do. Listening is limited in 
conventional acoustic torpedoes to 1 
top speed of 30 knots because of 
self-noise. It is interesting to com- 
pare this with the maximum re- 
ported speeds of several sea animals 
listed in Table 1. 

For sea animals traveling at speeds 
greater than 30 knots, there is no 
adequate evidence that their loco- 
motion is either quiet or noisy. We 


LAMINAR TRANSITION TURBULENT 
BOUNDARY BOUNDARY SEPARATION 
LAYER per LAYER 
WAKE PROPELLER 
WAKE 
(A) SCREW-PROPELLED TORPEDO 
IN WAKE 


- 
INTAKE PUMP 
DUCT 


(B) JET-PROPELLED TORPEDO 


JET 


— 


Fig. 2. Energy wake (turbulence) is a result of counter movements of hull wake 


and propeller wake. 


Table 2. PARTIAL HISTORICAL SUMMARY OF OSCILLATING AND UNDULATING PROPULSION SYSTEMS AND DRAG 
REDUCTION BY BOUNDARY LAYER CONTROL 


Date Originator Nationality Description Outcome 
1848 R. Fowles English Multiple oscillating tail fins Patented 
1862 W. H. Johnson American Multiple flexible oscillating tail fins Patented 
H. Schramm German Single flexible oscillating-tail-fin boat driven Constructed 
by engine 
1926 C. M. Breder American Single rigid-tail boat driven by clock motor Constructed 
(ostraciform movement) 
Undulating full-length-fin boat driven by 
clock motor (anguilliform movement) Constructed ~ 
1929 M. Curry American Single flexible-tail-fin boat driven by leg Constructed and used in Burma dur- 
power ing WW Il 
1933 G. Garland American Segmented body undulation driven by rubber Manufactured as a toy. Navy project 
bands started—later dropped 
1956 Wm. C. Shaw American Flexible annular bands around rigid hull Patent applied for 
pneumatically or hydraulically expanded and 
contracted in sequence to generate traveling 
wave 
1957 H. P. Williams American Single flexible tail in underwater vehicle Work presently in progress 
driven by electric motor 
1957 G. H. Bowlus American _Undulating barrel surrounding rigid hull Current work on undulating plate 
1958 iH = ne & American Boundary-layer control by suction Proposed, work currently in progress 
. D. Brooks 
1958 Cc. E. Weinland American Single flexible fin driven by swimmer, tread- 


ing action 


Proposed 
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can be sure, however, that sea ani- 
mals are at least quieter than our 
present torpedoes at the higher 
speeds. 

Shape — The ideal torpedo shape 
for minimum drag seems to taper 
with increasing diameter, having a 
maximum at 50 to 75 per cent of 
the distance aft. In the case of sea 
animals, however, it appears that 
the ideal shape reaches its maxi- 
mum diameter within the first 25 
per cent, regardless of whether the 
animal has a sharp beak or blunt 
nose. This streamlined shape con- 
tributes to sea-animal locomotion, 
but is by no means the principal 
secret. 

Range — Torpedo range must be 
great enough to provide safe stand- 
off. Range is related to size and 
speed. With a homing or guided 
torpedo there is some dependence 
of accuracy upon range. The rela- 
tion of range to stealth is dependent 
upon the noise and detectability 
characteristic of the firing vessel. 

It is desirable to employ short 
ranges only in a few circumstances 
— surprise attack by the enemy and 
unexpected encounter with an un- 
altered enemy target. Lower limits 
of range are dictated by arming 
distance, proximity to the eventual 
explosion, and possibility of being 
attacked by the enemy after firing 
at him. Longer ranges are requisite 
with the advent of nuclear war- 
heads. The desirability of added 
stealth also has intensified the 
quest for extension of the upper 
limit of range. This upper limit is 
presently 20,000 yards, although 
there are advocates of double this 
figure. 

The range of existing torpedoes 
only approaches the desired values. 
The range of sea animals is, of 
course, unlimited although they have 
the advantage that they can stop, 
rest and feed. Only the range that 
sea animals can achieve at a speci- 
fied sustained average speed is of 
interest. It is here that sea animals 
demonstrate remarkable superiority 
over torpedoes. 

If torpedoes were available that 
performed as well as salmon, we 
could have the ideal torpedo weigh- 
ing 450 pounds, traveling 20,000 
yards at 45 knots —and remaining 
silent. 

Accuracy — More gains have been 
nade in the field of accuracy and 
nore innovations put into effect 
tran in any other branch of tor- 
p do technology. With the introduc- 
ton of acoustic homing, however, 
ve are now confronted with prob- 
kms resulting from failure to pro- 
g ess in the field of propulsion. In- 
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deed, we can afford to sacrifice at 
least half the efficiency of the 
propulsion system if torpedoes oper- 
ated more silently. 

It is doubtful that this sacrifice 
would be necessary if a quiet pro- 
pulsion system were developed. It 
is almost a universal rule that quiet 
machinery is more efficient than 
noisy machinery; yet it is interest- 
ing to observe that almost invariably 
the emphasis has been on increased 
efficiency or drag reduction of tor- 
pedoes rather than the quiet opera- 
tions that can be achieved by sea 
animals. The silence of sea-animal 
locomotion unquestionably contrib- 
utes to the ability of the porpoise 
to “see” and identify objects as 
much as two miles distant with the 
aid of its “sonar” eyes. 

This sonar of the porpoise is capa- 
ble of a high degree of discrimina- 
tion. It can locate cpenings in nets 
and identify garbage scows at dis- 
tances of two miles or more. It is 
questionable whether these feats 
could be achieved if the locomotion. 
system of the porpoise were noisy. 

Very interesting observations were 
made during World War II with 
reproductions of a captured Ger- 
man GNAT acoustic torpedo. During 
tests made off Key West, porpoises 
frequently pursued and frolicked 
around the torpedo, target and 
firing submarine. These animals 
clearly had no difficulty in achiev- 
ing a feat that man was finding 
extremely frustrating. It is also quite 
clear that sea animals can outstrip 
torpedoes with respect to acquisi- 
tion, identification and homing, 
which are the three requisites of an 
operational torpedo. 

Stealth — About a year before 
the end of World War II, a group 
of German admirals and scientists 
met at Gotenhafen, their submarine 
research center. Until that time, 
Germany’s submarine campaign 
against Allied shipping had been 
eminently successful. They had sunk 
more than 10 million tons, over 
2,000 Allied ships — almost strang- 
ling the supply lines to England and 
Murmansk. But now the Germans 
had lost the advantage of stealth. 
The Allies were dodging and out- 
foxing the German torpedoes. They 
were detecting the presence of U- 
boats, chasing, depth charging, sink- 
ing and capturing them. Life was 
becoming very difficult for sub- 
mariners. 

Everyone attending the meeting 
agreed that all types of propulsion 
systems then in use were easily 
detectable because of too much 
noise and wake. The question of 
“oscillating fin” propulsion for tor- 


“4 


pedoes — simulating sea-animal lo- 
comotion — was discussed, with 
agreement that this work should be 
expanded except for the pressures 
of too many other tasks. 

The principles of sea-animal lo- 
comotion were used with success 
during World War II for surface 
craft. A boat propelled by a single 
fin tail was used by British Com- 
mandos in Burma. This was a rea- 
sonably fast propulsion mechanism 
which made no noise. A man could 
propel such a craft much longer 
than he could row or paddle, with- 
out excessive fatigue. This example 
shows that no price was paid for 
silence, but rather that silence 
brought a bonus of increased effi- 
ciency. 

Stealth requires both silence and 
wakelessness. If both the submarine 
and torpedo have these attributes 
and the target does not, the sub- 
marine can approach without warn- 
ing, attack without alerting, the 
torpedo can home on the target 
without chasing its tail, and the 
submarine can retreat without de- 
tection. It is also interesting to con- 
template the situation where the 
target has these attributes of stealth 
and the submarine and torpedo do 
not. 

The wake of a torpedc includes 
visible bubbles, particles of oil, and 
the energy deposited aft of the 
torpedo. This energy wake (turbu- 
lence) may last for hours. It is 
deposited by screw and jet pro- 
pelled vehicles as a direct conse- 
quence of the counter movements 
of the hull wake and propeller wake 
(Figure 2). 

Hull wake is a conical region aft 
of the vehicle which contains fluid 
moving with the vehicle. This re- 
sults from drag or friction against 
the hull. Propeller wake, or race, 
is a conical region inside the hull 
wake that contains fluid moving aft 
with momentum neutralizing the 
forward momentum of the hull 
wake. Sea-animal locomotion ap- 
pears to approach the “ideal” wake- 
less propulsion system which com- 
pletely eliminates the hull wake, 
obviating the need for eliminating 
propeller wake. 

Studies conducted in biolumines- 
cent water show that the wake of 
propellers is brilliantly visible in 
contrast with the wake left by seals, 
which is barely visible, and that aft 
of porpoises,- which is almost un- 
detectable. 

Applications of Sea-animal Loco- 
motion Principles — The possibil- 
ities of applying the principles of 
sea-animal locomotion to torpedoes 
do not necessarily involve imitation. 


That is, the addition of scales t» 
a torpedo would be no more im- 
provement than the addition of 
feathers to an airplane; nor does 
it imply that a torpedo has to be 
“wiggly” in order to utilize sea- 
animal locomotion principles. 

The locomotion principles em- 
ployed by a fast fish and most 
swimming mammals provide one of 
the few examples where the per- 
formance of living creatures far 
surpasses that so far attained by 
man and his machines. 

Careful sequential analysis of 
high-speed photos of fast-moving 
fish, eels, and porpoises show that 
most of these animals employ a 
motion described as anguilliform. 
This motion may be described as 
the generation of a traveling, almost 


——® MOTION OF FLUID 
——® MOTION OF TRAVELING WAVE 


FISH STATIONARY 
IN MOVING FLUID 


T N T 
Vv 


V= DIRECTION OF MOTION OF POINT 


P= RESULTING PRESSURE DIFFERENTIAL 
(INCREASE OVER AMBIENT AT A AND E, 
DECREASE AT C) 


T= USEFUL COMPONENT OF AP 
RESULTING IN THRUST 


(CORRESPONDING FORCES ON OPPOSITE SIDE 
COMPENSATE LATERAL COMPONENTS) 


Fig. 3. Forces exerted by anguilliform 
motion of sea animals. 


sinusoidal, wave, usually having in- 
creased amplitude aft. Such a mo- 
tion involving lateral motions of the 
head and all parts of the body, as 
well as the tail, would exert forces 
either in the form of positive or 
negative pressure differentials as 
illustrated in Figure 3. Most of the 
surfaces of the body other than 
those having zero slope with respect 
to the axis of travel, as in “B” and 
“E” of the illustration, thus partici- 
pate in the propulsive process. 
The most significant factor in the 
fast. quiet locomotion of sea animals 
is “body participation,” which cre- 
ates a “propeller wake” in exactly 
the same location as the “hull wake,” 
providing a propulsion system which 
actually “wipes away” the wake. 
The stages of the swimming proc- 
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RIGID HULL WITH PORTS 
TO CAVITIES 


CRANKSHAFT 


ELASTIC ANNULAR 
(CAVITIES BULGED) 


CAVITIES 
COLLAPSED 


DIRECTION OF TRAVELING WAVE 


Fig. 4. Three primary systems of underwater propulsion which have possibilities 


of application to torpedoes. 


PIVOT WITH CRANK 


(A) RIGID-TAIL-FIN BOAT 


(DASHED LINES SHOW NEXT POSITION-ARROWS SHOW MOTION) 


ROPES SEAT 


(B) FLEXIBLE-TAIL-FIN BOAT 


JET PUMP 


EXTERNAL DUCT 


CLOCK MOTOR 


FOOT TREADLE 


POROUS SHELL 


(C) SUCTION BOUNDARY LAYER CONTROL 


Fig. 5. The body undulation system — quiet, efficient, and almost wakeless. Is it 


the ultimate in underwater propulsion? 
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esses of a fast fish are as follows 

Quiescent: The fish remains st - 
tionary in space compensating for 
gill propulsion and _ overturning 
movements by means of fin undula- 
tion — principally with the spec- 
toral and vental (side) fins. 


Acceleration: Quick darts or ac- 
celeration to cruising speed are 
achieved by violent undulation of 
the body (large amplitude) with 
head moving from side to side and 
extensive dorsal (back) and caudal 
(tail) movement. 


Cruise: Moderate speeds are main- 
tained with most fins folded close 
to the body and the body undulating 
in a carangform manner (single 
traveling sine wave). 


Maximum: With motion approach- 
ing anguilliform (multiple traveling 
sine wave), the amplitude and 
wavelength are decreased but fre- 
quency is greatly increased. Most 
fins are completely folded. 


Three primary systems of under- 
water propulsion which have pos- 
sibilities for application to torpedo 
propulsion are illustrated in Fig- 
ure 4. 


The oscillating tail fin system is 
quiet, fairly efficient. It is a simple 
mechanical system that is fairly 
successful for use on boats and 
potential use by underwater swim- 
mers. However, the detection, guid- 
ance and control equipment is sub- 
ject to vibration. It is not fast and 
not wakeless. 


A suction boundary-layer control 
system is more efficient than pro- 
pellers alone. However, it is prob- 
ably subject to clogging by plank- 
ton or sediment-filled water; has a 
speed reduction upon entering turb- 
ulent water, as in target wake; and 
has a fragile hull, noisy jet and 
propeller propulsion, and a turbu- 
lent energy wake. 


The system offering the greatest 
possibilities is the body undulation 
type shown in Figure 5. This sys- 
tem, which is the ultimate in under- 
water propulsion, is quiet, efficient 
and almost wakeless. Although it 
faces possible design problems, these 
can be evolved by concentrating on 
the problems with maximum effort 
and application of facilities. 


Table 2 brings out several feasible 
methods of achieving body undula- 
tion. One method has been success- 
fully applied to a toy. The reluct- 
ance to try the others is usually 
excused by complaints of a lack of 
understanding of nonrigid-body hy- 
drodynamic theory. However, this 
does not bother sea animals; they 
just keep going — fast and silent. 
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every missile must count. A wasted firing due to a 
minor-part malfunction results in appalling losses in 
time and money. Combat condition failures are even 
more disastrous. Vitro Laboratories, under contract 
with the U.S. Navy Bureau of Ships, has developed 
advanced mathematical approaches to make relia- 
bility a predictable feature of design. Over a thirty 
month testing period predicted failures correlated 
strikingly with actual results. Tested equipment in- 
cluded radars, radar repeaters, radio transmitters and 
receivers, and radio terminal equipment. Reliability 
is another reason why Vitro is a leading name in 
systems engineering today. 
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the coming breakthrough 
underwater propulsion 


Bushnell’s submarine,“Turtle” 


By Alfred J. Zaehringer 


Though the art of marine propul- 
sion is quite old, it is relatively 
new in view of today’s technology 
in other fields—notably the missile 
area. Underwater propulsion today 
is in about the state that the air- 
plane was some 50 years ago. The 
trend toward higher speeds and 
longer ranges requires newer forms 
of energy conversion. These are 
available. But propulsion methods 
are few. 

Aside from the paddlewheel (and 
its predecessor, the oar) there are 
remarkably few new and basically 
different methods of underwater 
propulsion. There are many ways 


of furnishing power, but actual pro- 
pulsion mechanisms can be reduced 
to the screw propeller, hydrody- 
namic flow, and pure rocket thrust. 

The submarine goes back at least 
to 1620, when the Dutch Cornelius 
van Drebell built a leather-hulled 
craft, powered by oars, which at- 
tained depths of 12 to 15 ft in 
the River Thames. The jet-propelled 
hydraulic pump was described by 
Togood Hays in 1661. David Bush- 
nell is remembered for his sub- 
marine, “Turtle,” which was built 
during the Revolutionary War. His 
sub was entirely hand-powered; 
screw props were used for both 


The Fairchild X-1, four-man midget sub designed primarily for testing of harbor defenses, shown in cut- 


. away view. Powered by diesel engine which uses fuel resulting from decomposition of hydrogen peroxide. 
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A radical new Passive Underwater Detection System apprehends 

submarine craft almost intuitively . . . with uncanny accuracy . . . 

- and most important, silently. Developed by Sperry under technical direction 

S ixth of the Naval Ordnance Laboratory, the first of these systems has been 
delivered to the Bureau of Naval Weapons and has already been used 

in sea trials termed “highly successful.” 


( and Sl le nt ) Integral in the new system, most accurate and widest-range passive 


equipment known, is a high speed digital computer and data-processing 
Sen Ss e section. This accepts, operates on, stores and displays instantaneous data | 
relating to the target under consideration. This data is fed automatically it 
into the detection craft’s fire control center, and is compatible with } 
fo r S U b S present and foreseen target data systems. The computer incorporates ) 
both static and dynamic memory, as well as advanced technologies in \ 
time measurement, data cross-correlation, digital smoothing, servos, 
time compression circuitry using quartz delay lines, and 
accurate time-based generation. 
This new system is one of a number of advanced ASW programs in 
production at Sperry’s Surface Armament Division. 


S: 2FACE ARMAMENT DIVISION, SPERRY GYROSCOPE COMPANY - DIVISION OF SPERRY RAND CORPORATION, GREAT NECK, N. ¥. 
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Table 1 
Model Towing Tanks 
Length Width Depth 
Country & Location (ft) (ft) (ft) Date 
USSR 
Leningrad — 21.7 9.2 1891 
St. Petersburg 500 20.0 11.0 1893 
Moscow 558 — 21.3 1933 
USA 
Washington 470 42.7 16.4 1898 
Ann Arbor 360 22.0 10.0 1905 
Langley Field | 2920 24.0 12.0 1931 
Langley Field II 1880 18.0 6.0 1942 
Langley Field III 360 24.0 8.0 1942 
Newport News 56 8.0 4.0 1933 
Hoboken | 109 9.0 4.5 1935 
Hoboken I! 75 75.0 45 1932 
Hoboken II! 313 12.0 6.0 1944 
Carderock | 2775 51.0 22.0 1938 
Carderock II 2968 21.0 10.0 1938 
Carderock II! 303 51.0 10.0 1938 
Carderock IV 142 10.0 $5 1938 
Evanston 75 8.8 8.0 a 
Glen Cove 93 10.0 5.0 1948 
Cambridge 108 8.6 4.0 1951 


forward propulsion and depth con- 
trol. Robert Fulton’s famous sub- 
marine, the “Nautilus”, built in 
France in 1800, also used manually 
operated screw props. As early as 
1899 cavitation, the present-day 
bugaboo of underwater propulsion, 
was recognized by J. C. Walker of 
Waco, Tex. Walker patented a 
method of pneumatic propulsion 
whereby air was emitted through 
tiny holes in hollow blades. 


It was soon realized that under- 
surface propulsion (or for that mat- 
ter, surface) could be advanced by 
the use of models in tanks. In 1874 
Froude built the first model tow 
tank and came up with his Law of 
Comparison, which gave naval sci- 
ence its first taste of scale model 
techniques. Here in the United 
States, David W. Taylor did much 
work in scaling. A Navy test tank, 
located in Maryland near Washing- 
ton, D. C., bears his name. Table 1 
gives data on model tow tanks of 
the U.S.A. and those known ‘to be 


operated by the USSR. Other na- 
tions have totals as follows: Austria, 
1; Brazil, 1; Canada, 1; England, 7; 
France, 2; Germany, 7; Holland, 2; 
Italy, 3; Japan, 2; Spain, 1; and 
Sweden, 1. It probably can be stated 
that the number of model tow 
tanks bears a close relationship to 
a nation’s naval prowess. It is be- 
lieved, for example, that the Soviet 
Union has added some 10 to 12 
model tanks since the end of World 
War II. 

The Screw Prop—tThe prop can 
be turned by hand as in the case 
of Bushnell’s and Fulton’s subs. 
However, modern technology has 
given aswide variety of possible 
powerplants for turning the screw. 
Typical powerplants used for sub- 
marine, torpedo, and/or underwater 
missile screw propulsion include: 

1) Batteries (torpedoes) 

2) Diesel engine (subs) 

3) Rocket/turbine (torpedoes, un- 

derwater missiles) 

4) Nuclear powerplant (subs) 


Table 2 
UNDERWATER PROPULSION PERFORMANCE 


Method 


Performance Parameter 


Sea Watery Battery 
Ethanol/Air/Water 


Ethylene Oxide 

100% Hydrogen Peroxide 
n-Propyl Nitrate 

Solid Propellant 

Lithium Metal/Sea Water 
Magnesium Metal/Sea Water 


Ethanol/90% Hydrogen Peroxide/Water 
Ethanol/100% Hydrogen Peroxide/Sea Water 
Fuel Oil/100% Hydrogen Peroxide/Sea Water 


= OD 


5) Fuel cells, (torpedoes, missilcs, 

eventually subs) 

By and large, the prop is still the 
most widely used of all underwater 
propulsion methods. However, screw 
propellers have been pushed to the 
very pinnacle of efficiency and it 
is not likely that significant gains 
can be made in the future. The prop 
is definitely subject to speed lim- 
itations, and also to shaft, seal, and 
bearing limitations. Basically, a 
prop design is good only for a par- 
ticular speed and power. However, 
variable pitch props have allowed 
underwater speeds of 50 knots and 
over. 

Screw props, especially for un- 
derwater use, have a tendency to 
roll. For this reason, torpedoes use 
contra-rotating props. All World 
War II torpedoes of the U.S. were 
in this category. Aerojet’s “Mini- 
Sub” also uses contra-rotating screw 
props. However, the USS Alhacore 
(AGSS 569), will not use contra- 
rotating props because other meth- 
ods of roll stabilization are used. 


During World War II, the Ger- 
mans developed the Kriesloff Cycle 
Diesel for screw propulsion. Diesel 
exhaust normally contains unburned 
fuel and free oxygen. This exhaust 
gas was recycled to the diesel with 
the addition of air from an air 
bottle. 

Another closed cycle developed 
by the Germans in World War If 
used hydrogen and oxygen, derived 
from the electrolysis of sea water, 
which were burned in diesel cyl- 
inders for submerged propulsion. 
Later, the U.S. used liquid oxygen 
in postwar tests, but development 
of the nuclear power plant led ‘o 
abandonment. 

A more famous closed cycle de- 
veloped by Germany during World 
War II was the Walter Cycle. The 
decomposition of hydrogen peroxide 
to steam and oxygen by the use of 
a catalyst was used to drive a steam 
turbine. This technique was elab- 
orated on by Fairchild after the 
war in its X-1 sub. Decomposition 
of hydrogen peroxide was used to 
provide power products for the 
running of a diesel engine. 

Hydrodynamic Flow — Hydrody- 
namic flow is essentially an analog 
to the common type of jet propul- 
sion used by aircraft. Water is 
sucked into a chamber, pressurized 
by a pump, and then allowed to ac- 
celerate through an exit nozzle. The 
result is a forward thrust, opposite 
to the jet flow, in accordance with 
Newton’s Third Law of action and 
reaction. This hydraulic jet pump 
may be operated by a turbine, gear 
pump, or some other means. In 
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de Now functioning, Raytheon Submarine 
The | signal Operations’ new ASW Center designs, 
xide § develops and produces complete systems for 
eof § detection-through-destruction of objects in 
eam § hydrospace (ocean depths and interface). 
i Sub-systems embrace: torpedo guidance 
tion | 22d location devices; sonar and mine 
d to Countermeasures; communications, IFF, 
the § Oceanographic equipments. 


a Among unique Center facilities are: 
pul 280,000 gallon “L”-shaped acoustic tank; 
r is § Alan, fully-equipped 65 ft. mobile sonar test 
rized @ boat; acoustic pressure tank up to 6000 psi. 


n Raytheon activates industry’s first center 
> | for Anti-Submarine Warfare, Portsmouth, R. 1. 


Current programs provide for 3D omni or 
highly directional submarine, air, and ship- 
borne sonars; trainers; listening and 
measuring devices. Past advances effected 
by this Raytheon capability include: first 
fully hull-integrated comprehensive detection - 
system — for Navy’s nuclear-powered 
hunter-killer submarines; transistorized 
deep-dip airborne sonar; first helicopter- 
borne echo ranger; non-interfering sonar 
trainers. We believe location, facilities, and 
capability make this the nation’s primary 
industrial center for ASW research, advance 
development, engineering, and production. 


( EQUIPMENT For Raytheon ASW Capabilities Brochure, 
( ce Write: Director of Marketing, Equipment Division, 
2 DIVISION Dept. B2, Raytheon Company, West Newton, Mass. 
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Echo, according to myth, could return sounds, but she had to 
wait until someone spoke first ... could only have the last word. 
For modern technology, that’s not good enough; we need a 
dependable original sound source. 

ASW engineers are finding Michelite— Universal’s modified 
lead zirconate/titanate piezoelectric ceramic— ideal for the 
purpose, today’s most versatile transducer material. Michelite’s 
characteristics—high dielectric constant and coupling coeffi- 
cient ...temperature stability...unusual sensitivity —make it 
a prime element for Sonar transmitting and sensing devices. 

Dependably uniform in every property, it contributes the 
critical factor, reliability, to ASW systems and their vital 
jobs of detection, classification, identification, guidance and 
countermeasures. 


MICHELITE! 


 Michelite 

(and standard barium titanate) 
transducer ceramics 

can be supplied 

in tubes to 6” diameter... 

bars to 12"... 

discs to 6” 

diameter by 1” thick. 

Special cross sections 


available on order. 


SEND TODAY FOR THE LATEST BULLETIN ON MICHELITE AND ITS SPECIFICATIONS 


UNIVERSAL DYNAMICS CORPORATION 


130 Los Aguajes Avenue - Santa Barbara, Calif. 
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1921, Morize of France describ:-d 
such a jet ejector for propulsicn. 
This was followed in 1938 by Co- 
anda of France with his jet um- 
brella. Combustion gases can a'so 
be used to induce jet flow. In 1946, 
McCollum of Chicago used gases 
from an internal combustion engine 
to induce jet flow in an annular 
flow chamber. Pump “jet boats” are 
becoming quite popular because of 
their high maneuverability, low 
draft, and absence of a dangerous 
rotating prop. 


Rocket Propulsion — An obvious 
way of increasing performance is 
to utilize the rocket principle. Since 
weight is no great problem in water 
or underwater, the fact that the 
rocket has to carry all its propel- 
lants with it is no great problem 
in naval practices. Table 2 compares 
various rocket methods of propul- 
sion with more conventional meth- 
ods. The battery and air-fuel meth- 
ods are used for torpedoes. Hydro- 
gen peroxide and a fuel can be used 
for straight rocket thrust, to oper- 
ate a turbine, or even to operate a 
diesel engine. The monopropellants 
—ethylene oxide, 100 per cent hy- 
drogen peroxide, and n-propyl ni- 
trate—all have poorer performance 
than the steam turbine or diesel 
methods. Solid propellants start to 
approach the efficiency of the com- 
bination methods. Typical under- 
water propulsion applications of 
solid propellants, to date, however, 
have been only for torpedo or small 
missile use. Because solid propellant 
operation is quite simple and high- 
ly reliable, it probably will be con- 
sidered for larger-scale applica- 
tions. 

In 1944 Fritz Zwicky proposed 
using water and a reactive metal 
for underwater propulsion. The re 
action of lithium metal or magnesi- 
um metal with water liberates geti- 
erous quantities of heat. The reat- 
tions are hypergolic (self-initiating) 
and products are usually the metal 
hydroxide and hydrogen. These 
metal-water reactions take place as 
violently as, say, the combustion of 
the metal with air or oxygen. 


Other Power Sources — Use of 
nuclear power for underwater pro- 
pulsion is an accomplished fact 
The fission process liberates heat, 
which is picked up by a heat trans- 
fer material. The hot fluid (or an 
auxiliary fluid such as water) is 
then used to operate a steam tur- 
bine, This gives subs an almost un- 
limited cruising range on a very 
small amount of fuel. The problems 
of shielding may limit practical 
sizes to very large craft. As an al- 
ternative, radio-isotopes might be 
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Greater range 
for undersea 
weapon systems 


Circle Reply Card No. 20 


Clevite offers the most advanced piezoelectric 
ceramics for sonar and sonobuoy applications 
... ‘PZT-4” for transmitting, ““PZT-5” 

for receiving. 

Clevite “PZT” transducer elements give 
you the same acoustic output at less than half 
the volume. You get twice the power-handling 
capability of barium titanate (Clevite 
Ceramic B®), higher piezoelectric coupling 
coefficient, lower dissipation factor and more 
efficient high temperature operation 
(Curie point over 300°C). 

Clevite supplies ‘‘PZT”’ elements for detection 
and guidance equipment on the atomic 
submarine fleet, user of the world’s largest 
operational sonar systems. 

Plan to use Clevite ““PZT”’ in your present 
and future undersea weapon designs. Standard 
stock sizes and custom shapes available in 
quantity—and with uniformity never before 
attained in piezoelectric ceramics. 

Write today for bulletin 9244. 


CLEVITE ELECTRONIC COMPONENTS 


DIVISION OF 


CLEVITE 
3405 Perkins Avenue ComPomation Cleveland 14, Ohio 


Field Sales Engineering Offices: 


60 Franklin Street 1915 N. Hariem Avenue 3402 W. Century Bivd. 
E. Orange, New Jersey Chicago, Illinois Inglewood 2, California 
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The 1960-61 GSE Directory 
| and Procurement Guide 


Here is your opportunity to order the one and only 
complete GSE “yearbook” and guide with full-fledged 
index and reference. This hard-bound book is a must 
for every management engineer in the GSE business. 
Vital information at your fingertips at all times! 


Here is what you get: the 1960/1961 GSE Directory and Procurement Guide, compiled by the experienced 
GSE magazine editorial staff, is being prepared for engineering management personnel, interested in more 
sales, more future GSE business. This valuable 8 x 11”, hard-bound reference book, contains complete listings 
of procurement and purchasing personnel in all military and government agencies concerned with ground sup- 
port equipment. A complete ground support ayalysis of every U. S. missile and space program — with contrac- 
ter reference index and product guide — is presented for the first time. This is the answer to Who Buys What— 
Where? Special industry section is listing prime and subcontractors (with special product cross-reference guide). 
The 1960/61 GSE Directory and Procurement Guide contains complete roundup of current monetary obligations 
—with an answer to the vital question, Who will be Spending What—Where? This “yearbook” is our biggest 
undertaking yet. Don’t miss it. Order your copy now. First printing limited to 8,500 copies. 


Yes, enter my subscription for _._.. copies of the 1960/61 GSE Directory 
and Procurement Guide. This is a preferred order; | enclose my check/money 


order for $ : ($14.50 per copy). | understand that | will secure at 
least one copy if my order is mailed before November 15th, otherwise my money 
will be refunded in full. 


This is it. This directory is a worthwhile 

reference guide and you would not want 

» ‘to conduct your business without being 
able to use this extensive book. 


Price for GSE subscribers, payable with 
order form, postpaid, $14.50. Retail price Title, rank —— 
Order now — save $4.00. Print run of 8,500 Affiliation — 
copies reserved for subscribers’ cash or- 
ders now. 


| am/am not a subscriber to GSE Magazine. Mail today to GSE Magazine, suite 
640, Washington Building, Washington 5, D.C. No refunds after November 15th. 
Make checks payable to GSE Magazine. 


| 
at publication time (Spring 1961) $18.50. 
| 
L 
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used in electrically driven under- 
sea missiles and eventually subma- 
rines. 

The use of electrical power has 
always appeared attractive for un- 
derwater use. Prior to the advent 
of the nuclear reactor/steam tur- 
bine / electrical generator system 
(which consumes no oxygen and 
hence can operate submerged), elec- 
trical energy always had to be 
stored in batteries. World War I and 
II subs, for example, used the diesel- 
electric system in combination with 
batteries. At first the ordinary lead 
battery was used. Since then newer 
batteries have come along. Silver 
cells and the new magnesium/sea 
water/silver chloride combination 
have been tried. The fuel cell now 
promises to offer new possibilities 
first for underwater missiles and 
then even subs. The fuel cell is an 
electro-chemical system that allows 
fuel and oxidizer in a gaseous form 
to combine directly and to release 
electrons, e.g., an electrical current. 
One fuel cell allows gaseous hydro- 
gen and gaseous oxygen to form 
water and electricity. One fuel cell, 
GE’s ion-membrane unit, produces 
over 100 watt hours per pound; at 
1.0 volts, the specific fuel consump- 
tion is about 0.08 pound of hydrogen 
per kw. GE has proposed a fuel cell 
system for a sub “smaller than ex- 
isting nuclear submarines.” The en- 
tire system would weigh some 148 
tons and occupy a volume of 9,600 
cu ft. The system is based on LOX 
and fuel oil. The company figures 
that in another five years of tech- 
nology, the system weight could be 
dropped to 114 tons and a volume 
of 8,200 cu ft. In place of hydrogen 
or fuel oil, the system could operate 
on ammonia or possibly even the 
boron fuels. Thus, a quiet, non- 
radioactive, and heatiess system 
could evolve for subs. 


Activity in the fuel cell area 
includes: 

1) Low - temperature, low - pres- 
sure, 50-100 degrees F, 1-50 
psi (Hydrogen-oxygen or air- 
fuel). Standard Oil (NJ), Na- 
tional Carbon, General Elec- 
tric, Electric Storage Battery, 
Allis- Chalmers, Ruhrchemie 
(Germany). 
Medium-temperature, high 
pressure, 400-600 degrees F, 
400-1,000 psi (Hydrogen-oxy- 
gen). United Aircraft, Leesona 
Corp., F. T. Bacon (England). 
3) Low-temperature cells using 

hydrocarbons and oxygen or 

air. Allis-Chalmers, National 

Carbon, Standard Oil (NJ), 

Leesona Corp., Ruhr-chemie 

(Germany). 
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4) High-temperature, 400 - 1,000 
degrees F cells for use with 
hydrocarbon fuels and_ air. 
Low pressure and fused salt 
electrolytes. Curtiss - Wright, 
General Electric, Pittsburgh 
Consolidation, United Aircraft, 
Leesona, Ketelaar (Holland), 
Sondes Places Research Insti- 
tute (England). 


5) Other fuel cell works include 
Chrysler, Dow Chemical, Gulf 
Oil, Koppers, Lockheed, and 
RCA. 


One other system appears very 
promising for undersea propulsion 
of torpedoes and sub-to-sub missiles. 
It is possible to arrive at ballistic- 
type trajectories underwater simply 
by ballasting. The “buoyancy” type 
ballistic missiles (BBM) need no 
powerplants, are noise-free, and are 
capable of relatively high speeds. 
BBM terminal phase speeds of 60 
to 70 knots are possible. 


Importance of Structures—In ad- 
dition to higher propulsion perform- 
ance, better structures and shapes 
must also evolve. With the trend 
toward greater depths and longer 
underwater cruise times, greater 
strengths and better corrosion re- 
sistance is required. 


Modern subs first used ordinary 
steel plate. With lower depths and 
increasing pressures, high-strength 
steels may be called for. Of course, 
shape can help design somewhat. A 
significant future trend might be 
the increased use of the lighter 
metals. Reynolds Metals’ “Alumi- 
naut” is an example of a research 
vessel that will probe depths of 
15,000 ft. Another undersea possi- 
bility is the use of magnesium. One 
serious contender in undersea use is 
plastics. Light, non-magnetic, and 
corrosion-resistant, glass fiber-plas- 
tic hulls would seem to offer struc- 
tural densities only slightly greater 
than that of water. Couple the light 
metals and/or plastics with the 
buoyancy technique used in the 
bathyscape (where liquids are used 
to equalize the tremendous under- 
sea pressures), add a touch of su- 
personic hydrodynamics, and you 
would have the analog of today’s 
jet-propelled military aircraft — a 
supersonic sub or underwater mis- 
sile. Since the velocity of sound 
in sea water is 4,700-4,950 ft/sec, 
this is an impressive goal to shoot 
for! By a combination of good de- 
sign, light-weight materials, and 
say, a multi-stage rocket, there 
should be reason to expect super- 
sonic underwater speeds in the 
future. 
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ments are currently available fi 1 
qualified Anti-Submarine Warfare 
Engineers in Hughes-Fullerton’s new 
assignments are concerned with de-’ 
l sign and development of advanced 
ly underwater intelligence systems for 
ed _ ASW applications. Urgent require- re- 
st ments currently exist for: 
‘Information Theory Specialists: 
Experienced and interested in: Sta- 
tistical Modeling of Noise and Signal 
Fields ® Application of<Statistical 
Decision Theory to Advanced Informa- 
tion Systems Mathematical Studi 
of Signal-Noise Discrimination. 
Circuit Design Specialists: 
Competent in the field of Low Nois ; 
Amplifiers for ASW Applications. 
Unusually creative engineers who: | 
can reduce vague requirements to 
useful technical terms @ Apply imag- 
- ination leading to new approaches and 
concepts Describe engineering 
implementations to meet the system: ! 
requirements @ Are qualified in: 
_information processing systems using 
broad studies of the present and 
Located in Southern California's 
am Orange County (the nation’s fastest = 
> growing electronics center), Hughes- — 
Fullerton offers you: a stimulati 
| working environment; private or oor 
private offices; long-term stability. 
CALL COLLECT TODAY! 
| _For complete information on these 
assignments, call us col- 
| Mr. B.P.RAMSTACK at: 
TRojan 1-4080, ext.3741. 
Or, airmail resume to: HUGHES- 
| R & D, P.O. Box 2097, ~ 
HUGHES 
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Recovering torpedoes from the Navy test range at Keyport, Wash., is one job 
assigned to Vitro Laboratories’ SOLARIS robot, model of which is shown above. 
With its TV camera focused on the claw, the model is shown getting into posi- 
tion to recover the “fish.”” This one-eyed robot is designed to perform chores 
2,000 ft deep. It slowly swims through the water, spots an object on the floor 
with its TV eye, and flashes the image to a surface shjp. Its shipboard masters 
can then guide SOLARIS to the object and make it clamp the object in its claw 
for retrieval. Below, peaceful torpedo (turbine driven power pod) built for the 
Navy by the Garrett Corp.’s AiResearch Manufacturing Div. The 26-ft long unit 
serves as a complete power package to keep Navy jets ready for emergency 
take-off. It can also fly along to advance fields, riding under an aircraft as do 
usual explosive-carrying torpedoes. Pod weighs 1,638 pounds; has 2.9 ft maxi- 
mum diameter. 
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Control console aboard ship tells op- 
erator how deep SOLARIS is, and 
how far it is above ocean floor. It also 
reports the direction in which the 
robot is moving and presents a picture 
of what the underwater TV camera 
sees. Console shown here simulates 
picture of one SOLARIS watching an- 
other maneuver into position to re- 
cover a torpedo. Each of the robot's 
propellers is driven at constant speed 
of 420 rpm. Thrust is adjusted by 
varying pitch of propeller blades. 


Torpedo propulsion against deeper 
diving and faster moving submarine 
targets has pressed the state of the 
art in materials, fuels, and engine de- 
sign. Typical of the engines is Clevite 
Ordnance’s swash plate design, right, 
which can deliver more than three hp 
per pound of engine and thrives on a 
diet of modified solid rocket fuel. 
Clevite strongly believes in torpedo 
design for function, as opposed to de- 
sign for performance which has no 
measurable relationship to function. 


Typieal of today’s designs in torpedo 
electronic sections is the Clevite Echo 
Elongater “Panel,” right, which is in 
fact five plates tied into a modular 
assembly and suited to join other 
functional assemblies to handle any 
of today’s sophisticated information 
Severating and processing functions. 
“P nel” is a term growing out of the 
ericinal Bell Telephone Labs torpedo 
amplifier designs, cirea 1940, which 
flat panels. 
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USS De Haven is shown with the Roc- 
ket Assist Torpedo (RAT) launching 
system installed on the aft five-inch 
gun mount. RAT weapon system con- 
sists of rocket-propelled anti-sub tor- 
pedo, 13% ft long and weighing 480 
pounds, 


The classical picture of the Navy gun- 
ner’s mate waiting for the command, 
“fire.” Here Chief Gunner’s Mate A, 
A. de George awaits the signal to fire 
the Navy’s light-weight, acoustic-hom- 
ing torpedo from the deck of the 
Destroyer Escort USS Tweedy. As he 
waits, the skipper is conning the ship 
toward an “enemy” submarine, dur- 
ing ASW training exercises. The sur- 
face-launched homing torpedo im- 
proves the ASW capabilities of the 
surface fleet. 


UNDERWATER ENGINEERING 


SECO 


| 
A 
: ™ | a => 
pael 
for 
soul 
held 
| 
| 
58 


Navy anti-submarine weapon, rocket- 
propelled RAT, which incorporates 
rocket for initial launching, stabilizer 
pack with parachute to slow missile 
for proper water-entry speed, and a 
sound.operated homing torpedo, all 
held together by an airframe. 


SECO ISSUE 


Air-dropped anti-submarine weapons must be lighter and smaller than surface- . 
fired counterparts, withstand extreme environmental changes, and still produce . 
the same results as comparable surface-fired weapons. \ . 


Aluminum End Ring 


Fiberglass Hull 
Integral Transducer 


Sonic Transducers 


An example of modern torpedo design is the Clevite concept of hull design. 
Tough, resilient, polished housings are obtained by centrifugal castings of epoxy- 
fiberglass. Pictured above is a hull section with in-built transducer. Below, Navy’s 
Astor torpedo is pulled from water following test runs at the Naval Torpedo Sta- 
tion, Keyport, Wash. Astor is an electric high-speed torpedo capable of destroying 
subs and surface vessels at long ranges. The sub-launched weapon was developed 
by Westinghouse, Baltimore. 
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fomorrow’s torpedo: 


faster, quieter, and 


more sophisticated 


The torpedo has accounted for 
more enemy tonnage than any oth- 


er weapon. 
But the big problem today is the 
enemy submarine; and nearly ev- 


erybody agrees that tomorrow’s 
anti-submarine torpedo must be 1) 
faster, 2) quieter, 3) capable of 
greater range and search, and 4) 
idiot-proof. 


POLARIS submariners are now receiving closed circuit TV factory training 
on the operation and maintenance of POLARIS fire control and inertial 
guidance at General Electric’s Ordnance Dept. in Pittsfield, Mass. Instructor 
R. E. Creamer, Jr. (left) conducts a class while in another part of the plant 
G. W. Maihl (right) keeps the TV camera on the lesson’s subject. 


In other words, David’s old sling- 
shot may not be adequate to cope 
with the new Goliath. 

The U.S. Navy today uses six 
makes of torpedoes, all of them 
launchable from destroyers, four of 
them from aircraft, and three from 
subs. 

Several more advanced, sophisti- 
cated models are under research 
and development. 

Underwater Engineering asked 
several of the nation’s torpedo ex- 
perts to give their views on “to- 
morrow’s torpedo.” Their comments 
are printed on these pages. 

Although there is a variety of 
viewpoints, there appears to be com- 
mon agreement on the need for 
greater speed, range, depth, and 
stealth. 

Although they may not state it 
in so many words, experts probably 
agree that the biggest hurdle of all 
is detection. As one of them told 
UE, “The torpedoes work; our big- 
gest problem is to know where the 
target is.” 
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The AeroSpace Book Club Invites You To Accept 


§i ANY ONE OF THESE GREAT BOOKS FOR 


wer ...space... military 


Now, you can get the best ai 
the Aerospace 


affairs books at reduced prices throug 
Book Club. 

The club offers you a wide selection of the books you 
need to keep up to date in the fast moving aerospace age. 
They are chosen by a committee of experts headed by Jack 
Loosbrock, editor of Air Force/Space Digest magazine. 


Not only will you be able to add valuable works to 
your aerospace library, enrich your professional back- 
ground, help your career, find many hours of solid enjoy- 
ment, but you’ll also be able to save money at the same 
time .. . just by filling in the coupon below. 


$1 


As a member, you will find over 25 outstanding selec- 
tions and alternates available to you right now at reduced 
club prices. Each quarter you will receive advance notice 
of the current selection and alternate, both of which you 
may reject if you do not want them. You need take as 
few as four books during the coming year, and after 
every fourth purchase you will receive another valuable 
book of your choice free as a bonus. 

Here is an easy, low-cost way to keep up with the best 
books in the fast moving aerospace age . . . books you 
will read with pleasure and return to often for reference. 
Fill out and return our coupon now, while all of these 
important titles are still in stock. 


MAN 
HIGH 


By Lt. Col. David 
G. Simons, USAF 


The true story of the first man to reach 
102,000 feet in a record-breaking bal- 
loon flight .. .to feel the cold . . . the 
loneliness of the threshold of outer 
space where the blue of the skies gives 
way to blackness even during daylight 
hours .. . where the stars are so close, 
free from atmospheric interference, that 
you can almost reach out and touch 
them .. . and yet so far that the mind 
cannot grasp the distances. Colonel Si- 
mons’ story will be part of the first 
chapter of the history of space explora- 
tion when that history is written. This 
is the summer selection of the Aero- 
Space Book Club. Bookstore price $4.50. 


2. BAA BAA BLACK SHEEP 
By “Pappy” Boyington 


Told in his own earthy prose, the true 
story of a hard-drinking, hell-for-leather 
flyer who moved from the Flying Tigers 
to take a group of “misfits” and build 
them into one of the great flying units 
of World War II . . . who shot down 
26 Japanese planes to win the Congres- 
sional Medal of Honor. Winds up with 
the interesting theory, “Show me a 
hero and I'll show you a bum... .” 
Bookstore price $4.50. 


3. ATLAS The Story of a Missile 
By John L. Chapman 


This last selection of the AeroSpace 
Book Club is the full story of America’s 
first intercontinental ballistic missile, 
from its beginnings to the 16,000-mile- 
an-hour, 6,300-mile-long leap from Cape 
Canaveral . . . the story of the missile 
selected to put the first Astronaut into 
orbit in Project Mercury. An inside 
account capturing the full excitement 
of the birth of the missile-space age. 
Must reading for all professional USAF 
and aerospace industry personnel. 


4. STRATEGY IN THE 
MISSILE AGE 
By Bernard Brodie 


Here is a balanced, objective analysis 
of the fundamental military problems 
resented by modern warfare ... a 

k to stimulate thought, conversation, 
and action. No one who is concerned 
with airpower and its piace in military 
strategy in the years ahead can afford 
to miss this important new book. Book- 
store price $6.50. 


SOVIET STRATEGY 
IN THE NUCLEAR AGE 
By Raymond L. Garthoff 


The inside story of Soviet military 
planning — missiles and rockets, stra- 
tegic and tactical air forces, air defense, 
atomic warfare, thermonuclear warfare, 
limited and local skirmishes, the Soviet 
Navy, etc. Much hitherto secret infor- 
mation . . . gathered and presented by 
one of the world’s top experts in Soviet 
affairs. Bookstore price $4.50. 


6. THE GREAT DECISION 
By Michael Amrine 


Here is the secret history of the atomic 
bomb laid bare. Who was for its use, 
who against. Have you wondered how 
the crews were picked? Trained? How 
much did they know about the history- 
making load in the bomb bay? What 
was it like over Hiroshima? Nagasaki? 
This fascinating account moves from 
the rare atmosphere of the summit 
down to the boys who softened the 
defense, flew decoy missions, and finally 
delivered the atomic egg. It names 
places and people. Bookstore price $3.95. 


8. Rocketship X-15 


By Myron Gubitz 


Instead of making the pilot obsolete, 
the conquest of space will offer new 
and unparalleled challenges for the 
piloc and the scientists, engineers, and 
technicians who work to make manned 
spac -flight ible. If you need con- 
vinc ag, read this first book about the 
teco'd shattering X-15. It’s exciting 
tead ag, couched in vivid, popular, non- 
tech ical language. Retail price $4.95. 


SECO! D ISSUE 


7.  AHISTORY OF THE 


UNITED STATES AIR FORCE 
Alfred Goldberg, Editor 


In this big, beautifully illustrated vol- 
ume, you will review fifty eventful 
years of military aviation—the men 
and planes, the wartime exploits and 
peactime missions. Highlights are the 
Billy Mitchell trial and American air- 
power during World War II. A great, 
exciting story . . . an invaluable refer- 
ence book. Bookstore price $6.75. 


9. MITCHELL: Pioneer of Airpower 
by Isaac Don Levine 
A classic collectors item. . .$6 
10. Montgomery's Memoirs 
A great book by a great soldier $6 


Tl. Man in Space 


About the USAF program .. . foreword 
by General White. $4 


12. Space Weapons 

Articles by Generals White, Doolittle, 
Dr. Strughold. Includes astronautics 
glossary, bibliography. $5 


AEROSPACE BOOK CLUB, POST OFFICE BOX 2555, WASHINGTON 13, D. C. 


Please enroll me as a member and send me at once the selection circled below, for 
which you will just bill me $1 plus a small mailing charge. I agree to take four more 
selections or alternates during the coming year at reduced member's prices (averaging 
20% below retail price). I will receive advance notice of every selection and may 
take an alternate from the large list provided or simply refuse any book that quarter. 


book), otherwise I'll receive a free bonus book with my fifth selection. 


3 1 2 3 + 5 6 
Name 


7 8 9 10 1 12 


Address. 


I may cancel my membership after choosing four selections (in addition to the $1 | 
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A raft-like platform for underwater acoustic ssenneneansiil has been 
launched by the Martin Co. at Middle River, Md. Two transducers are 
mounted on electrically-controlled measurement shafts through the twenty 
ft by five ft access well to evaluate their effectiveness in detecting and 


classifying enemy submarines. 


Just as anti-air warfare requires 
mid-course guidance and terminal 
homing in the air environment, so 
we believe that anti-submarine war- 
fare will always require mid-course 
and terminal guidance in the under- 
water environment. 


The future underwater missile will 
be a vastly improved weapon. For 
higher speed it will employ boun- 
dary layer control and a jet system 
of propulsion, e.g., pump-jet or hy- 
dro-duct. Higher energy sources will 
provide power for this higher speed 
and greatly increased range while 
permitting operation down to bathy- 
seaph depths. 


A non-physical secure communica- 
tion scheme will provide mid-course 
guidance while terminal homing 
systems will go lower in the fre- 
quency spectrum and have greater 
search capability. 

—James M. Beggs, 
General Manager, 
Ordnance Div., 
Westinghouse Electric Corp. 

The conventional underwater 
guided missile, known as the torpedo 
for the past 60 years, is now making 
its last desperate dying gasp for con- 
tinued recognition. Speeds and 
depths of nuclear submarine targets 
are about to outrun the capabilities 


Adm. Shane 


of the ultimate chemical fuel for 
torpedoes, namely liquid hydrogen 
and liquid oxygen. Nuclear torpedo 
propulsion for the present may be 
ruled out due to the weight and cube 
of shielding requirements. The ex- 
otic weapons systems using a com- 
bination rocket-torpedo have become 
far too expensive to use except when 
the target has been fully classified 
with its range, course, speed and 
depth exactly determined. 

The solution of this problem might 
be the electric cable powered and 
directed torpedo whereby the fuel 
and at least one-half of the propul- 
sion equipment is carried in the 
firing ship. In such a torpedo only 
the breakaway head is expended; 
the delivery system returns to the 
ship for repetitive use. Many author- 
ities in the electromotive field feel 
that an 8,000-v, 600-cycle, 1,000-hp 
plant can be produced to accomplish 
a 100-knot weapon within the di- 
mensions of the conventional tor- 


Senator Jackson guides nuclear sub while Admiral Rickover looks on 
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pedo. The American Machine & 
Foundry Company has developed 
the concept for such a_ torpedo 
called the INVICTA. 


RAdm. G. L. Shane, USN (Ret.), 
Consultant on Undersea Warfare 
Systems, 

Government Products Group, 
American Machine & Foundry Co. 


Two years ago we predicted that 
within 20 years submarines would be 
operating at depths of more than 
5,000 feet and would be making 
speeds up to 60 knots. I believe that 
this forecast is sound. 

The torpedo is the original guided 
missile. The future submarine will 
need more than one weapon to cope 
with its future targets. The targets 
will be surface ships, submarines, 
long range land complexes, short 
range shore facilities, and aircraft. 

Against these targets weapons 
may be fired from a submerged po- 
sition. They might be called torpe- 
does but perhaps missiles would be 
a more descriptive term. 

The anti-submarine weapon will 
need to be capable of operating at 
great depth. It will be acoustically 
guided. Therefore, it will need to be 
quiet enough to hear its adversary 
and fast enough to catch it. This 
suggests that speeds must be regu- 
lated by the strength of the target 
signal. 

The United States POLARIS, 
SUBROC, and the Mark 46 torpe- 
does — all under development — 
qualify as forerunners of the future 
family of weapons. Spectacular im- 
provements can be expected as the 
submarine’s future potential is bet- 
ter understood by world powers. 
—V Adm. C. B. Momsen, USN (Ret.) 

I believe the torpedo of the future 
will be a guided underwater missile 
capable of unprecedented stealth, 
speed, and range in a three-dimen- 
sional ocean environment. 

It will be capable of seeking out 


Mr. Shaffer 


SECC YD ISSUE 


and destroying the enemy before he 
is aware of being under attack. It 
will be an integrated part of a so- 
phisticated weapon system consist- 
ing of the weapon carrier and de- 
tection platform, and the target- 
sensing and fire-control equipment. 

The underwater missile will itself 
be a part of the fire-control system 
and will thereby reduce system com- 
plexity while enhancing kill prob- 
ability. 

I further predict that sensory sys- 
tems contained within the missile 
will be utilized in target classifica- 
tion. 

The entire underwater missile 
weapon will be designed to utilize 
human capabilities to the maximum. 
Total numbers of personnel will be 
minimized and each will be fully 
integrated into the man-machine 
complex. Included in this approach 
will be complete adoption of the 
fixed-ammunition concept for the 
missiles. 

—Wayne G. Shaffer, 
Director, 
Vitro Laboratories 


The torpedo of the future should 
feature: 

1) Modern concepts of design and 
materials, with structure and size 
set by function, not by yesterday’s 
launching devices or yesterday’s 
hulls. 

2) Design for out-of-ship stowage. 
There is no good reason why the 
torpedo should take up expensive 
space inside a ship or submarine. 
There is no good reason why the tor- 
pedo tube could not be eliminated 
from the submarine or surface ship 
of tomorrow. 


Mr. Lynch 
3) Design for one-shot use. The 


torpedo of today is designed to be 
tested, not to be used. Consequently, 
it costs much more than it should, 


places severe demands upon the 
Fleet for repair and maintenance, 
and has a dependability factor which 
is set by the maintenance shop rather 
than by the design and production 
facility. 

4) Design for function. There is 
presently a tendency toward design- 
ing for performance which has no 
measurable relationship to function. 
This may go so far as to use three 
gyros for control; it may be as trivial 
as the requirement for non-function- 
al internal surface finish; but in all 
its forms it increases cost drastically 
and at no known gain in end func- 
tion. 

5) Design featuring a) solid state 
electronics, b) acceleration control 
instead of gyro control, and c) solid 
(potted) packing of elements and 
abandonment of the hollow shell 
concept (flooded structure). 

The torpedo designed to the above 
general rules will be 1) more de- 
pendable, 2) less expensive, and 3) 
smaller and lighter. 

—Tom Lynch, 
General Manager, 
Clevite Ordnance Div., 
Clevite Corp. 


Scientist Walter I. Whitman, ice 
forecaster aboard the U.S. nuclear 
sub Seadragon on its trans-polar 
voyage, takes weather data from bow 
of ship. Seadragon was first ship to 
negotiate Parry Channel through the 
Canadian Archipelago. 
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Senator Jackson holds Husky dog while inspecting Navy fac l- 
ities in Antarctica as guest of RAdm. David M. Tyree, USN, 
commanding officer of Operation Deep Freeze 60. 


= 


sen. jackson tells wrong... 


Senator Henry M. Jackson (D., 
Wash.) is a recognized defense 
expert, particularly in atomic en- 
ergy and nuclear warfare. Aged 
48, Senator Jackson—close friend 
of Democratic Presidential Nom- 
inee John F. Kennedy—is Chair- 
man of the Military Applications 
Subcommittee of the Joint Con- 
gressional Committee on Atomic 
Energy, and was elected Chair- 
man of the Democratic National 
Committee at the Los Angeles 
Convention in July. 


Q. 


A. 


Senator, what are your hopes of 
our country’s achieving a true 
POLARIS fleet? 


We can have a fleet of 100 
POLARIS submarines in less 
than 10 years if we just assign 
sufficient priority to the job. I 
say less than 10 years out of the 
conviction that one submarine 
a month — 12 a year — is a 
realistic goal both in terms of 
financing and production. 


You consider 100 subs sufficient? 


A minimum fleet of 100 POL- 
ARIS submarines “at the earli- 
est possible date” has been my 


goal for the past three years. 
This is a minimum number — 
a starting point, if you will — 
when you consider the value of 
the weapons system, the prog- 
ress we have made to date, and 
the enemy’s submarine power 
and potential which must be 
countered. Any enemy attack 
would first be aimed at our 
ability to strike back. So long as 
the enemy is unable to destroy 
our retaliatory forces, so long as 
he knows we will be able to 
strike a counter blow after his 
attack, he will be hesitant to 
risk the initial attack. 
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Sas 


Land-based missile sites are 
relatively large, relatively easy 
to identify, and fixed in place. 
The enemy likely would know 
the location of our land-based 
launching sites. A massive sur- 
prise missile attack might actu- 
ally knock out all or most of 
our Strategic Air Force and 
much or all of our land-based 
missile capability before we 
could retaliate. This is why the 
emphasis is now being put on 
the need for constant airborne 
alert of SAC planes and on the 
mobile MINUTEMAN _iand- 
based missile which can be 
moved about on railroad cars, 
as well as buried deep in the 
earth. 

So the POLARIS, in your opin- 
ion, is @ superior weapon... 
The location of our POLARIS 
ocean missile force will change 
constantly. Our POLARIS sub- 
marines will be dispersed over 
millions of square miles of the 
oceans. Part of the force will be 
on submerged alert around the 
clock, 24 hours a day, 365 days 
a year, constantly on the move, 
a most difficult target to pin- 
point and destroy. It will be 
able to survive a surprise attack 
and rain return destruction on 
the enemy’s homeland. Steady 
advances are being made in sub- 
marine detection, of course. Yet 
finding ships under the sea is 
vastly more difficult than spot- 
ting planes in the air, or ships 
on the surface of the sea, since 
the scientific laws of radar do 
not apply. Then there is an- 
other point. Land-based missile 
sites and air bases are strategic 
magnets, drawing the enemy’s 
missiles toward our cities and 
towns and farms and factories. 
Ocean-based platforms are stra- 
tegic magnets drawing the ene- 
my’s missile fire away from our 
soil and the soil of our allies. 
Should we give POLARIS to 
NATO? 

We must not overlook the ap- 


peal of the POLARIS system to 


our allies. Land-based airplane 
and missile bases on allied soil 
are just as prime a target for 
enemy missiles as land-based 
retaliatory sites on our own soil. 
Ocean-based striking power re- 
duces the danger not only to our 
own homeland, but to the home- 
lands of our allies. Reduced dan- 
ger to their own soil should 
strengthen the will of allies and, 
for that matter, of neutrals, to 
resist the enemy’s political and 
economic and psychological war- 


SECOND ISSUE 


fare, as well as to resist the 
enemy militarily. 

What did you mean by “the 
progress made to date” when, 
generally speaking, you have 
been the sharpest critic of the 
Administration’s progress on the 
POLARIS system? 

Your question really draws the 
distinction. Technical progress 
in developing the system has 
been impressive. Progress in 
terms of financial support and 
utmost production has lagged. I 
agree with the President, who 
said in his August 8 message to 
Congress that never before had 
such a complex weapons system 
been brought to operational 
stage in such a short time. That 
is all the more reason we should 
be pushing the production pro- 
gram faster, now. 

Is Congress — generally — for 
POLARIS? 

Yes, I think it only fair to point 
out that the Congress has been 
far ahead of the Administration 
in pushing the POLARIS pro- 
gram. In Fiscal Year 1959, for 
instance, the Congress provided 
funds for four more POLARIS 
submarines than the Adminis- 
tration asked for. These funds 
were frozen by the President. 
The funds for one of the four 
were released about six months 
later; another six months went 
by before the Administration re- 
leased funds for the remaining 
three submarines. This meant 
almost a year’s delay on these 
three submarines! Again, in the 
Fiscal Year 1961 budget, the Ad- 
ministration originally asked 
for only three fully funded 
POLARIS submarines, and for 
funds for long-lead items on 
another three. The Congress 
provided money for five fully 
funded submarines and for long 
lead items on another seven. 
The Administration has now 
agreed to use the money for five 
fully funded submarines and 
for long lead items on another 
seven. It is still holding back 
the money for long lead items 
on two. 

What about the Soviet’s sub- 
marine power? 

Two years ago I appointed a 
special Underseas Warfare Ad- 
visory Panel to assist my Mili- 
tary Applications Subcommittee 
of the Joint Committee on 
Atomic Energy. Testimony and 
evidence at that time showed 
that the Soviet Union had built 
more than 300 submarines since 
World War II and had a force of 


about 475 submarines. By con- 
trast, we had built less than 15 
submarines since World War II 
and had an active fleet of 110 
submarines, only three of them 
nuclear powered. Our report 
also pointed out that the Soviets 
have the capability to buila 
many more nuclear submarines 
than we then planned to build. 
Your advisory panel report con- 
tained a dozen or more recom- 
mendations. What happened to 
them? 

There has been some notable 
progress, I am happy to report, 
but there is still much room for 
improvement. Our report called 
for an initial task force of nine 
POLARIS submarines in the 
fiscal 1959 budget. The Adminis- 
tration failed to ask for them 
and, as I pointed out earlier, 
froze funds for the four Con- 
gress added. The POLARIS con- 
struction program is still lagging. 

Our report called for a sub- 
stantial increase in the number 
of attack submarines. At that 
time the Navy planned to have 
13 nuclear-powered attack sub- 
marines in operation by the end 
of 1960. We now have six in 
operation and 20 in various 
stages of construction. A total of 
30 has been authorized and 
funded. This year the Adminis- 
tration asked for only one nu- 
clear attack submarine, and the 
Congress provided for four. The 
funds for the additional three 
again have been frozen. 

Our report called for at least 
doubling the fiscal 1959 Navy 
research and development bud- 
get for systems immediately rel- 
evant to undersea warfare. We 
came close. The Navy pro- 
grammed $172 million for this 
in fiscal 1959 compared to $104 
million in fiscal 1958. The fig- 
ures for 1960 and 1961, respec- 
tively, are: $217 million and $196 
million. 

Our report called for a sub- 
stantial and continuing increase 
in the Navy’s budget for basic 
research not immediately re- 
lated to operational require- 
ments. That figure has gone up 
from $49 million in fiscal 1951 
to $54 million in fiscal 1960, and 
$63 million in fiscal 1961. 

Our report called for increased 
financial support for basic re- 
search in oceanography. The 
Navy’s dollar figure for this pur- 
pose has gone up from $9.4 mil- 
lion in fiscal 1959 to $13.9 million 
in 1960 and $17.7 million in 
fiscal 1961. 
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Our report called for addi- 
tional funds for oceanographic 
survey work. These funds, too, 
have been increased from $23.5 
million in fiscal 1959 to $33 mil- 
lion in fiscal 1960 and $36.6 mil- 
lion in fiscal 1961. 

And, very important, we rec- 
ommended that the POLARIS 
system, for funding purposes, be 
removed from the Navy’s ship- 
building budget, and that con- 
struction budget requests for the 
POLARIS system should be de- 
termined by the Secretary of 
Defense and the National Secur- 
ity Council as part of our over- 
all strategic deterrent budget. 
This was not done and still has 
not been done. 

What was the reason for this 
last recommendation? 

The Navy’s regular shipbuilding 
budget covers carriers, cruisers, 
frigates, destroyers, tenders, 
mine sweepers and all the other 
vessels employed by our Navy. 
A POLARIS-launching subma- 
rine is thus treated fiscally like 
any other naval vessel. In terms 
of its military mission, however, 
it is radically different from 
other ships in the fleet. Actually, 
the POLARIS system is part of 
our national military deterrent 
against all-out war. It is an in- 
strument of strategic reprisal. 
It is more analogous to a SAC 
bomber, or a land-based IRBM 
or ICBM, than to other ships of 
our Navy. 

Under existing funding regu- 
lations, POLARIS submarines 
must compete for money with 
the rest of our shipbuilding pro- 
gram. This total construction 
budget is limited. Even if none 
of this money were spent on 
POLARIS submarines the funds 
would be stretched to the limit 
in meeting the Navy’s require- 
ments for its traditional mission 
of controlling the seas. From the 
standpoint of national deterrent 
strategy, then, the POLARIS 
system should not be treated as 
part of our regular shipbuilding 
program. 

Are you also interested in ad- 
vancing our ASW research? 
By all means. Our report speci- 
fied five critical areas for more 
vigorous prosecution. These in- 
cluded 1) development of sys- 
tems to utilize underwater sound 
phenomena, 2) communications, 
3) oceanographic surveys, 4) 
compact nuclear reactors, and 
experimental ships. 

What do you mean by experi- 
mental ships? 


A, 


Q. 
A 


Q. 


A, 


The Navy rarely has built ex- 
perimental ships. Yet a program 
of design and construction of 
such ships, in order to study 
their performance characteris- 
tics and operational potential- 
ities, should yield very large re- 


’ turns. To cite just one example, 


such a program might include 
different true submarines (rath- 
er than submersibles) such as 
heavier-than-water submarines 
using controllable planes to 
maintain depth. In addition to a 
stepped up applied research and 
development effort, it is essen- 
tial also that the Navy continue 
to increase its basic research. 


What is the role of basic ocean- 
ographic research in the under- 
seas warfare picture? 


Immense. The operational use 
of nuclear powered, deep-run- 
ning submarines and the devel- 
opment of counter measures 
against them, including detec- 
tion, identification, tracking and 
attack, will inevitably require 
a far greater knowledge of the 
ocean waters and the underlying 
sea floor than we now possess. 


For example... 

At present, we have only rough- 
ly accurate maps of the deep sea 
floor for about two per cent of 
the total ocean area. The under- 
seas Navy also must be prepared 
to operate off the coasts of any 
part of the earth. This requires 
a working knowledge of en- 
vironmental, meteorologic, 
oceanographic and topographic 
conditions in offshore areas 
throughout the world which is 
at least as good as that of our 
potehtial enemies. 

What is being done in this field? 
Not enough. A committee of the 
National Academy of Sciences 
has estimated that it would take 
10 years, with 15 to 30 deep sea 
vessels, at a total cost of $20 
million to $30 million a year, to 
accomplish the most essential 
surveys. This work could be 
done by the existing surveying 
agencies of the Federal Govern- 
ment. 

Oceanographic surveys should 
of course, be distinguished from 
oceanographic research, which is 
the study of the fundamental 
properties of the ocean’s waters 
and its bottom. An accelerated 
oceanogfaphic research program 
is no less needed than a stepped- 
up survey program. 

Is Congress pushing such pro- 
grams? 
In this connection, there are two 


developments in the maki.g 
which could produce vastly inn- 
portant results. The first is the 
Marine Sciences and Research 
Act, S. 2692, sponsored by my 
Washington State senior col- 
league, Sen. Warren G. Magnu- 
son. It would double, within 10 
years, our facilities for scientifie 
research on and in the ocean, 
and it would double the number 
of scientists trained for this 
work. The bill passed the Senate 
this past session, but not the 
House. It is my hope that this 
important legislation can be en- 
acted into law in the near fu- 
ture. 

A second significant develop- 
ment is the proposal before the 
NATO Council for a series of 
NATO oceanographic expedi- 
tions. This proposal was ad- 
vanced by last year’s NATO 
Parliamentarians’ Conference on 
the grounds that much talent 
available in NATO countries is 
now going to waste. Many NATO 
countries have excellent poten- 
tial in marine science, but the 
high costs of research labora- 
tories, ships, and other modern 
techniques have deprived them 
of the opportunity for up-to- 
date experience. The proposal 
for NATO expeditions foresees 
the use of one or more of the 
most advanced oceanographic 
ships now available in the NATO 
Community, with all NATO 
countries invited to designate 
marine scientists to join the ex- 
peditions. In this way new ideas 
would be developed and vital 
research advanced. At the same 
time scientists from many NATO 
countries would gain the ex- 
perience they need to help de- 
velop national and cooperative 
efforts in this vital field. Again, 
it is my hope that the NATO 
Council will act quickly to ap- 
prove such expeditions. 

What would you say is the most 
important single development in 
oceanography and vunderseds 
warfare to date? 

That’s an easy one — the grow- 
ing public awareness of the im- 
portance of both to our nation’s 
survival. This awakening by 
leaders in government and by 
the general public is resulting 
in increasing support for the 
necessary programs to make the 
oceans work for us, rather than 
against us. 


UNDERWATER ENGINEERING 


tronic 


Thi 
about 
of Ra 
water 
acqui: 
Signa 
integr 
izatio. 
ductic 
trativ 
opene 

Cha 
the B 
staten 
openil 

“Ra 
the th 
subms 
tablis] 
facilit 
ASW. 
Staffer 
produ 
will t 
ASW. 
proble 
able t 
duc ‘io 
tronic 
time. 
taken 
hew f 
the de 


SECO 4D 


|_| 
| 
? 
* 
Q. 
Q. 
A, 
a. 
Al 
entire 
(ASV 
moutl 
of Ra 
| 
Q. 
A. 
Q. 
A. 
Q. 
A, 
Q. 
|_| 
66 


A new industrial center devoted 
entirely to anti-submarine warfare 
(ASW) is in operation at Ports- 
mouth, R.I., as an integrated facility 
of Raytheon Co., well-known elec- 
tronics and systems contractor. 


This facility, costing eventually 
about $4 million, is the culmination 
of Raytheon’s growth in the under- 
water field that started with its 
acquisition in 1946 of the Submarine 
Signal Co. The center will be fully 
integrated — an autonomous organ- 
ization for design, development, pro- 
duction, marketing, and adminis- 
trative facilities. It was formally 
opened on July 18, 1960. 


Charles F. Adams, Chairman of 
the Board of Raytheon, made this 
statement in observance of the 
opening: 

“Raytheon Company, recognizing 
the threat to our country by enemy 
submarines, decided in 1958 to es- 
tablish a fully integrated industrial 
facility devoted to all phases of 
ASW. This new facility will be 
Staffed by scientific, technical and 
production personnel whose talents 
will be devoted exclusively to the 
ASW-USW (undersea warfare) 
problem. This new operation will be 
able to develop and place into pro- 
duc ion the latest types of ASW elec- 
tronic equipment in a minimum of 
tim. I believe that Raytheon has 
tak’n a major step in making this 
new facility available to the aid of 
the defense of our country.” 
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Raytheon’s new fully-integrated ASW center. 


asw research raytheon 


By RAdm. P. D. Gallery, USN (Ret.) 


Roger Hamel, General Manager 
of the new center, points out that 
among the advantages are “accel- 
eration of availability of up-to-date 
equipment to the Navy and the 
center’s proximity to Naval ASW 
laboratories and equipment, helping 
conformity of our development work 
with the Navy’s requirements.” 

Besides Mr. Hamel, the following 
are some of the key managers of the 
new facility: M. S. Wilson, Engi- 
neering; R. W. Stout, Manufactur- 
ing; E. E. Turner, Advanced De- 
velopment; E. P. DiGiannantenio, 
Marketing; and E. D. McDonald, 
Programs. About 600 men are ini- 
tially being assigned to the 135,000- 
sq ft plant. This number is expected 
to grow to 1,500 when additions are 
made for production which will 
triple the floor space in the next two 
years, according to present plans. 
The “proximity to Naval ASW lab- 
oratories” mentioned by Mr. Hamel 
is shown in this list of neighbors 
only a few miles away: Destroyer 
Force Atlantic Headquarters, Sub- 
marine Force Atlantic Headquarters, 
Quonset Naval Air Station, De- 
stroyer Development Group Two, 
Submarine Development Group Two, 
Underwater Ordnance Station, Un- 
derwater Sound Laboratory. 

The physical plant is situated 
about 100 yards from Narragansett 
Bay, with dock facilities for Ray- 
theon’s experimental test boat Alan 
and other craft used in operational 
tests. A fresh water reservoir on 


Raytheon property is also available 
for outdoor test use. 

A most important point regarding 
the integration of all steps in de- 
sign and producing equipment is 
“acceleration of availability.” The 
fleet for years has chafed under 
the slowness of translating a good 
idea into hardware in the fleet. 


The company is active in the fol- 
lowing underwater fields: 

Submarine Sonar — Raytheon de- 
veloped and is producing the world’s 
first fully hull-integrated detecting 
system and secure communication 
system for nuclear attack sub- 
marines. 

Airborne Sonar — Submarine Sig- 
nal has developed a new system 
transistorized to meet very light- 
weight specifications, using selected 
frequencies. Involved is a unique 
combination of beam patterns mak- 
ing possible both range and bearing 
determinations, with simultaneous 
coverage of all targets in azimuth. 


Shipborne Sonar — Raytheon is 
working on adaptations of its oper- 
ational airborne equipment and re- 
cent helicopter proposal to provide 
the Navy with a variable depth 
sonar that is small and light, yet 
of appreciable range. Such a sonar 
is greatly needed — the first proto- 
types of VDS were enormously 
bulky and unwieldy while the small 
ones did not give satisfactory ranges. 
Any towed sonar has the possibility 
of “beating the layer” by proper 
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E. D. McDonald, Operations Manager, 
Programs. 


Robert W. Stout, Operations Manager, 
Manufacturing. 


positioning and decreasing the ef- 
fects of quenching experienced by 
ASW surface vessels in any kind of 
seaway. 

Raytheon’s North Dighton, Mass., 
facility is quantity-producing de- 
vices for realistic training of sonar 
operators on board ship. An unusual 
feature of the equipment is its 
ability to accomplish training with- 
out interrupting normal operations 
of the ship’s sonar. 


Raytheon’s experience with ultra- 
sonics in underwater projects con- 
tributed to the development of an 
untrasonic cleaner for aircraft en- 
gines and other equipment. 

Submarine Signal developed 
equipment for civilian as well as 
military use, an example being the 
acoustic flowmeter. This device 
gives accurate measurement of wa- 
ter flow in rivers and streams, sup- 


Submarine Signal Operation. 


E. E. Tusnér, responsible for Advanced 
Development programs. 


plying answers to such problems as 
pollution, erosion, and flood control. 


With 60 years of background ex- 
perience in underwater detection 
and location equipment, the com- 
pany has developed many compo- 
nents such as transducers and hy- 
drophones which are furnished «to 
other suppliers of ASW systems. 


The engineering facilities of the 
center will permit carrying out an 
R&D program from the inception 
of the basic concept to prototype 
model. The addition of manufactur- 
ing and production facilities by 1963 
will enable the center to carry right 
through to delivery to the fleet in 
production lots. 

Test facilities include a sonar test 
tank with a capacity of 180,000 gal 
in depths from 20 to 24 ft. This 
L-shaped tank has been designed 
and equipped for optimum control 


W. Rogers Hamel, General Manager, 


as well as expeditious handling of 
a wide range of test and experi- 
mental projects. Its shape will per- 
mit an engineer to work on one 
project without the necessity of ex- 
pending time to dismantle and set 
up another; it will also allow con- 
current runs of both high and low 
frequency measurements. Power 
supply to the tank is obtained from 
three drivers operating below 100 
cycles up to the megacycle range. 
An isolated hydroacoustic test bed 
with transmission line to the tank 
also provides an excellent capability 
for developmental work with hydro- 
acoustic sound sources. 

An important adjunct to the test 
equipment at the center is the 
world’s most completely equipped 
mobile sonar test unit — the test 
boat Alan. This craft has two deck 
houses fitted as a laboratory, a 
2,600-pound electric hoist, a sea 
chest tube containing a 6-in. diame- 
ter stainless steel training shaft for 
transducers, plus other research and 
test apparatus. 

The equipment in use today is a 
far cry from the devices produced 
by and primitive means available 
to the old Submarine Signal Co. 
Nevertheless, the Submarine Signal 
Co. Bell for Navigation, the Fessen- 
den Oscillator (developed by Sub 
Sig’s Professor Fessenden), World 
War I hydrophones, the Fathometer® 
and early detection devices all 
played their vital roles in the ad- 
vancement of underwater technolo- 
gy. They all originated, at least in 
part, with Sub Sig. Successful de- 
tection and ranging on _ icebergs 
after the Titanic sinking in 1912 
was a development by Sub Sig that 
led to today’s sonar. There are still 
many old-timers from Sub Sig with 
Raytheon — notably Senior Vice 
President Percy Spencer, eminent 
radar scientist and developer of the 
famed Magnetron. 

Raytheon is one of the largest 
electronic companies in the world, 
with 12 divisions in nine states and 
Canada, employing 41,000 people. In 
1959 sales of $494 million placed the 
company among the 100 largest in 
the nation in sales. Raytheon is the 
largest single employer in the state 
of Massachusetts. 

The tremendous increase in size 
of the Soviet submarine fleet, the 
polar exploits of our Nautilus and 
Seawolf, the submerged round-the- 
world cruise of the Triton and the 
advent of the POLARIS missile fir- 
ing submarine all combine to lend 
added importance to Raytheon’s in- 
creased effort in the ASW field. 
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role 
marine science 


It is often said that systematic 
study of the oceans started with 
the round-the-world voyage of Her 
Majesty’s Ship Challenger in 1872- 
76, but its narrative pays tribute to 
earlier workers. 


“The methods,” it says, “were 
crude, but they sometimes contained 
the germs of great ideas; the results 
arrived at were often erroneous, but 
they were steps in the right direc- 
tion; and the researches were ani- 
mated by the true scientific spirit, 
the spirit of observation and in- 
quiry.” 


But the 19th century was a great 
era for scientific exploration, not 
the least the exploration of the sea. 
Twelve of the 25 main voyages of 
exploration were British. William 
Scoresby made careful observations 
on water and ice conditions, plank- 
ton and whales in the Arctic Ocean. 
Parry and Sir John Ross also worked 
there. The voyage of the Adven- 
ture and the Beagle with Captain 
Fitzroy and Charles Darwin was 
made soon after and then “the voy- 
age of discovery and research in the 
Southern and Antarctic regions” by 
Sir James Clark Ross in the ships 
Erebus and Terror. This expedition 
was quite remarkable for the 
amount of astronomical, physical, 
botanical and zoological work as 
well as for its magnetic studies and 
exploration of the Antarctic. 


‘ Marine Zoology School — At the 


same time Forbes was pioneering 
in marine zoology and building up 
an active school in Edinburgh. Wy- 
vill: Thomson, who was scientific 
director of the round - the - world 
Chellenger expedition (1872-76), 
foll wed him 20 years later. 


The Royal Society (The Royal 
Soc ety of London for the Promo- 
ton of Natural Knowledge) had 
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By Dr. G. E. R. Deacon, F.R.S. 
Director of the National 
Institute of Oceanography, 
England 


much to do with all these voyages. 
It made the appeals to the Govern- 
ment and set its committees to work 
on the plans. The Challenger expe- 
dition was on a really grand scale. 
When it returned, an office was 
set up to complete the reports, 50 
large volumes, taking 20 years. 


Lord Kelvin made outstanding 
contributions to marine science. He 
dealt with the effect of thermody- 
namic and geostrophic forces on 
water movements as well as many 
practical inventions for navigation, 
ocean sounding, tide prediction and 
cable laying. Other prominent the- 
oretical workers were Green, Airy, 
Young, Rayleigh, Stokes, Lamb and 
Reynolds. They seem to have had 
little influence on oceanographers 
such as Carpenter and Buchan, who 
had most to write about ocean cir- 
culation. 


While rather slow progress was 
made with the ocean itself, much 
was done for navigation. Early in 
the century Rennell compiled a very 
thorough account of the currents 
of the Atlantic Ocean and, in 1853, 
largely owing to efforts of Lt. 
Maury, U.S. Navy, the principal 
maritime nations started to set up 
meteorological offices to collect sys- 
tefhatic observations of winds and 
currents from all parts of the world. 


Elements Reduced to Subjection— 
All this growing experience and 
enthusiasm made Admiral Smyth 
write: “The various branches of 
available science have been so 
steadily advancing among seamen of 
all nations that besides higher prac- 
tice in mechanical navigation they 
possess a more accurate information 
respecting the phenomena of winds 
and oceanic currents than hereto- 
fore. Already the elements are near- 
ly reduced to subjection by the 


union of science and practical sea- 
manship so that sea passages are 
wonderfully shortened within mem- 
ory.” 

The problems today seem much 
more difficult. Voyages can no long- 
er be shortened by two or three 
weeks, but the greatly increased 
volume of traffic makes it just as 
valuable to save a tide, to reduce 
loss and damage, and to lessen the 
cost of keeping ports open to ships 
of ever increasing size. These are 
too difficult to be solved by simple 
plotting and charting of observa- 
tions. Science is the basis of engi- 
neering and the new problems need 
detailed study, using theoretical and 
practical techniques as advanced as 
those of all other industries. 


Advances in the first 50 years of 
the present century seem to have 
been stimulated not so much by the 
needs of navigation as by fishery 
problems. Nations around seas in 
which fisheries were expanding so 
rapidly as to raise alarm about over- 
fishing joined to obtain reliable in- 
formation that could be used to 
judge what should be done. Each 
country needed the best information 
it could get. 


In Britain it led to the growth 
of fisheries laboratories, marine bio- 
logical associations and marine bio- 
logical laboratories in the universi- 
ties, and to a great wealth of bio- 
logical study in British coastal wa- 
ters and on arctic fishing grounds. 


Investigating The Whale — The 
Discovery Investigations, begun in 
1924 to gain information about ant- 
arctic whale populations, was a 
similar development. It started with 
an almost unknown ocean and had 
to look for all the background 
knowledge about water conditions, 
currents, fertility, plankton and es- 
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Ship’s cat watches as Dr. J. C. Swallow, British oceanographer, loads batteries 
and transmitter into neutrally-buoyant float aboard Discovery Hl. Float is used 


for deep current measuring operations. 


pecially the whale food, that would 
help and strengthen the interpreta- 
tion of the whale observations. 

The physical data and biological 
collections are even greater than 
those of the Challenger and will 
take longer to study because they 
are comprehensive and systematic 
enough to allow detailed study of 
the life-histories, spawning, growth 
and feeding habits of some of the 
plankton species. 

Thirty volumes of reports pub- 
lished so far include generalizations 
about water movements and distri- 
bution of whales and plankton as 
well as the systematic and popula- 
tion studies. 

Ice hazards to navigation started 
one expedition. In March, 1913, 
nearly a year after the loss of the 
liner Titanic, a ship was sent out 


with very competent scientific ob- 
servers, D. J. Matthews and G. I. 
Taylor, to judge whether steps could 
be taken to make the steamship 
routes across the Atlantic Ocean 
safer by establishing ice patrol ves- 
sels farther north. 

The cost of the expedition was 
shared by shipowners and _ the 
United Kingdom Government, and 
the findings, considered at a con- 
ference on the safety of life at sea 
held the same year, led to the es- 
tablishment of an international ice 
patrol, now run by the U.S. Coast 
and Geodetic Survey. The theoreti- 
cal and practical study of tides has 
given direct benefit to navigation. 

Exciting Problems — In Britain 
the most prominent workers since 
Newton's time are Young, Whewell, 
Airy, Kelvin, Darwin, Hough, Golds- 


Picture taken by deep-sea camera mounted at top of tripod, with compass and 
table tennis ball fixed below. This British device gives direction and velocity of 
bottom current below Gulf Stream through compass reading and deflection of ball. 
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brough, Proudman and Doodson. It 
was largely owing to Proudman that 
the Tidal Institute was established 
in 1919 in the University of Liver- 
pool. It was later combined with 
the Liverpool Observatory under 
the Mersey Dock and Harbor Board, 
directed since 1945 by Doodson, who 
had helped Proudman since the 
start. It has made very important 
contributions to the difficult task 
of explaining the complex systems 
of tides that exist in actual seas and 
oceans, and to the skillful methods 
of handling data needed to produce 
accurate tide predictions. 

Much has been done and with 
facilities on a much more modest 
scale than those available to any 
other industry. Seafaring men do 
not really understand what science 
can do and scientists are not yet 
aware of the exciting problems in 


This article was contributed to 
Underwater Engineering through 
the British Information Services. 


the sea. Thousands of ships suffer 
loss and damage every year, and 
enormous sums are spent every year 
to protect coasts and to maintain 
harbors, but there is not much de- 
mand for more science until some of 
the problems get out of hand in a 
war or in some other spectacular 
catastrophe. There was no really 
practical instrument for making 
continuous records of waves until 
1944. 

The first thing a scientist would 
do when studying a mixture of light, 
sound or radio waves would be te 
find its spectral composition, but 
for sea waves this was not done 
until 1945. It allowed Barber, Ursel! 
Darbyshire and Tucker at the Ad- 
miralty Research Laboratory, Ted- 
dington, Middlesex, to show that se 
waves behave as though they orig 
nated in a large number of instan- 
taneous point disturbances distrib- 


UNDERWATER ENGINEERING 


accoL 


of fu 
equip 
infor? 
oncon 
the s¢ 
It r 
that | 
poo) 
som 
effe: t 
May 


SECO 


Sto! 
and 
cord 
and 
ovel 
som 
aR limi 
& 
aX anal 
ea\ 
i} » . wav 
ities 
stres 
vanc 
ders’ 
the 
pute: 
thre: 
have 
An 
the | 
strati 
cient 
| 


uted over the storm area so that 
there is a continuous spectrum of 
wavelengths whose upper limit de- 
pends on the speed of the wind, and 
a wave pattern that is at any time 
the sum of a large number of com- 
ponent wave trains. 


_ Threshold of Developments — 
Since then another British scientist, 
Longuet-Higgins, has shown that the 
component wave trains behave as 
though they have random phase re- 
lationships and this allows the sta- 
tistical distribution of such features 
as velocities, intervals between 
crests, slopes and length and direc- 
tion of wave contours to be deter- 
mined with remarkable accuracy. It 
is a fine continuation of the careful, 
though over-simplified, theoretical 
studies of earlier workers such as 
Stokes, Kelvin, Rayleigh and Lamb 
in this country and Cauchy, Poisson 
and others abroad. 


Tucker has described a wave re- 
corder that can be fitted in ships, 
and it has been used successfully 
over the past seven years. It makes 
some compromise, accepting some 
limitations to achieve simplicity and 
robustness, but has not so far been 
improved on. Ship motions can be 
analyzed in the same way as waves, 
and Cartwright and Rydill have 
shown that spectra of roll, pitch and 
heave are closely related to the 
wave spectra, so that the probabil- 
ities of different accelerations and 
stresses can be calculated. These ad- 
vances, together with growing un- 
derstanding of the sea surface, and 
the availability of electronic com- 
puters, have brought us to the 
threshold of developments that will 
have great influence on future ships. 


Another interesting outcome of 
the spectrum-analysis approach to 
sea wave studies is a clear demon- 
stration that interference patterns 
of sea waves can communicate suffi- 
cient energy to the sea floor to 
account for the microseismic oscil- 
lations of three to 10 sec that form 
a continuous background, greater in 
winter than in summer, on seismo- 
graph records. 

The theory is well supported by 
observations, and as far as possible 
by experiment. It is not yet univer- 
sally accepted, but with the help 
of further analyzing and correlating 
equipment it can be used to obtain 
information about ocean storms and 
oncoming swell without going near 
the sea. 

It may prove useful in countries 
that border on large oceans with 
poor meteorological cover. It has 
som: interest in relation to the 
effet of deep explosions, and it 
may afford a means of studying 
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geological features under oceans and 
land. 

|/National Institute Formed — New 
advances are being made in the 
study of the transport of water by 
waves. They begin to add materially 
to our understanding of beach cur- 
rents and of the factors likely to 
influence coastal erosion, transport 
of sediment and formation of sub- 
marine bars. 

Much of this work had its begin- 
ning in wartime requirements. Since 
the war, it has been continued in 
the National Institute of Oceanog- 
raphy, founded in 1949 to supple- 
ment the work of the fishery and 
marine laboratories by detailed stud- 
ies of the physics of the oceans. It 
also studies the plant and animal 
life outside the coastal region and 
main fishing grounds. 

The Institute is controlled by the 
National Oceanographic Council, 
which was granted a Royal Charter, 
and operates with the aid of Gov- 
ernment grants. The emphasis of 
its program is on long-term research. 

The nucleus of physicists came 
from the Admiralty Research Lab- 
oratory, and of biologists from 
the Discovery Investigations. Useful 
progress has been made and new 
tasks taken on, such as study of the 
sea floor and of the active move- 
ments of water and sediment that 
sometimes occur even at very great 
depths. There are many remarkable 
gaps in our knowledge of the sea. 
The specific heat of sea-water had 
not been measured since 1889, and 
a new series of measurements using 
modern techniques has proved well 
worth while. 

There are interesting and impor- 
tant chemical problems. By 1819 a 
London doctor, Marcet, went so far 
as to say that the principal constitu- 
ents of the dissolved salt are present 
in the same proportions to each 
other all over the world. He had 
only 14 samples, but much more 
extensive work by Forchhammer in 
Denmark and Dittmar, who analyzed 
Challenger samples in Glasgow, did 
not prove him wrong. 

The small differences that can 
now be detected, especially in radio- 
active substances which do not last 
long enough to be mixed with the 
ordinary constituents to the same 
degree all over the world, provide 
interesting problems. Atkins and 
Harvey, of the Plymouth laboratory, 
roused interest in the study of nutri- 
ent cycles in the sea, and much 
more, including the occurrence and 
effect of trace elements, has been 

one. 


Study of Ocean Circulation — The 
joint theoretical and practical study 


of ocean circulation, so long in need 
of special attention, seems to be 
making good progress. The quanti- 
tative study began with calculations 
based on pressure distributions in 
the ocean, using a method similar 
to that used to deduce wind speeds 
from the spacing of isobars in 
weather ‘maps. But it gives relative 
figures, and the final interpretation 
depends on knowing the speed at 
any one depth. 

The earliest device was to assume 
that the water at the bottom of the 
sea was motionless. Later it was 
proved more reasonable to assume 
that there was least horizontal mo- 
tion at the depth where the isobaric 
surfaces at neighboring observations 
points were most nearly parallel. 
There was urgent need of actual 
measurements, and those made from 
ships anchored in deep water were 
not reliable enough. 

The National Institute of Ocean- 
ography tried to plot the descent of 
slowly sinking acoustic transmitters 
in much the same way as meteer- 
ologists follow ascending balloons 
using acoustic apparatus instead of 
theodolites or radar. It proved too 
difficult, but Dr. Swallow devised a 
much more practical method. He 
mounted the transmitter on a float 
which is less compressible than sea- 
water. If such a float is made 
slightly heavier than the same vol- 
ume of sea-water at the surface, 
the density difference decreases as 
the float sinks until, at some pre- 
determined depth where the float 
has the same density as the water, 
it sinks no farther but drifts hori- 
zontally with the current. The 
acoustic transmitter can be followed 
by a surface ship fitted with hydro- 
phones. 


Very Exciting Work — More and 
more of this sort of work is being 
done and strong and often variable 
subsurface and deep currents are 
being found and studied. Most of it 
is being done by British and Amer- 
ican scientists in close cooperaton. 
None of their theories is completely 
successful, but there is often suffi- 
cient agreement with measurements 
to make the work very exciting. 

Research is particularly important 
because the great size and variabil- 
ity of the oceans will make our.few 
observations ineffective until we 
have as much guidance as possible 
from physical and biological princi- 
ples. But there is still much ex- 
ploratory work to do and British 
ships made useful contributions dur- 
ing the recent great joint effort of 
the International Geophysical Year. 
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research department 
provides as a special 
service to qualified 
subscribers an employ- 
ment information bu- 
reau. Inquiries about 
employment opportu- 
nities in the GSE indus- 
try will be handled 
confidentially. Direct 
mail to Employment 
Information Bureau, 
GSE Magazine, 640 
Washington Building, 
Washington 5, D. C. 


R & D-—TESTING 


In ASW, SW, AMW, Underwater Ord- 
nance, Communications, Oceanography, 
Marine Biology 


BASIC & EXPERIMENTAL 
PHYSICS 


offers the services of Acoustics, Ma- 
rine, Electronics, Mechanical Engi- 
neers, Physicists, Mathematicians, 
Chemists, and other scientists for mili- 
tary and commercial investigations of: 


Energy propagation in liquids 
and solids 
Fluid Mechanics 


Detection, Location, Identifi- 
cation, Retrieval 
Structures and pressure ves- 


sel 

Navigation 

Physical Oceanography, Marine 
Ecology 

Ballistics, including interface 


problems 


In your plants, our facilities, and on 
test voyages. 


Our personnel include PhD’s trained 
in SCUBA, and “Hard Hat” Divers 
with Professional Engineer's Registra- 
tions. Resumes are requested from men 
with appropriate experience and edu- 
cation. 


Send for our brochure 


BASIC & EXPERIMENTAL 
PHYSICS 


Box 689 Falmouth, Cape Cod, Mass. Ki 8-2175 


new ue 


products 


Unique Umbilical 


Connector 

A unique electrical umbilical con- 
nector which disconnects by shear- 
ing action, developed by E. B. Wig- 
gins Oil Tool Co., Inc., is being used 
to activate the Navy’s POLARIS 
missile into controlled power flight 
from its underwater launching sub- 
marine. 

Integrated into one compact con- 
nector plug which mates with an 


airborne receptacle are 126 pins (4 
through 20 contact size) with spring 
leaf contacts and two 1/2-in. water 
methanol electronic cooling lines. 

Upward movement of the missile 
disconnects the umbilical during 
launching and causes retraction of 
the connector into a cavity within 
the launch tube. The connecting 
surface of the receptacle (missile 
half) is electrically isolated upon 
disconnection. 

Circle Reply Card No. 106 


Miniature Floated Gyros 

New miniature floated gyros have 
recently been developed by Reeves 
Instrument Corp. and United Air- 
craft Corp. 

Reeves, a subsidiary of Dynamics 
Cerp. of America, has developed a 
new series of high precision minia- 
ture floated gyros with a trimmed 
drift rate of. less than 0.01 degrees 
per hour. Identified as the Zero One 
series, these gyros have an angular 
momentum of 300,000 c.g.s. units and 
a mass unbalance of less than 0.4 
degrees per hour per gram. 

The gyro case is 1.8 in. in diameter, 


~ 


and the total weight of the unit is 
approximately one-half pound. Their 
small size and light weight, the man- 
ufacturer states, make these gyros 
ideally suited for missile guidance, 
stabilization, and other airborne ap- 
plications where extreme reliability 
and accuracy along with space and 
weight considerations are para- 
mount. 
Circle Reply Card No. 101 

United Aircraft Corp.’s Norden 
Div. announced the development of 
a new miniature floated rate inte- 
grating gyro designated the RI-203. 

Features of the new gyro include 
low drift rate (random drift less 
than .02 degrees per hour), excellent 
day-to-day stability (.10 degrees per 
hour without trimming) and an un- 
usually long life of 3,000 hours. Ac- 
cording to the manufacturer, the 
low drift has been achieved with a 
spin motor turning at only 12,000 
rpm, which insures the longer life. 
Only 3.1 in. long by 2 in. in diameter, 
this guidance gyro, including heater 
and shields, weighs one pound. 

Its applications include inertial 
navigation and guidance for missiles 
and aircraft, stabilization of ship- 
board devices, and others which re- 
quire precise angular measurement. 

Circle Reply Card No. 102 


High Gravity 
Recording Oscillograph 


Midwestern Instruments has an- 
nounced the development of a high- 
gravity recording oscillograph, de- 
signated Model 560A. 

This oscillograph, according to 
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RING 


Midwestern, is capable of recording 
14 different data traces on 3-5/8 in. 
wide record paper or film. Weighing 
less than 10 pounds, it can be in- 
stalled inside missiles, torpedoes, or 
other such units. Records of com- 
ponent performance, shock signa- 
tures, and other needed research 
data are made on board the test 
vehicle. 
Circle Reply Card No. 103 


Severed Underwater Cable 


Boston Insulated Wire & Cable Co. 
has announced the development of 
a new severed underwater cable. 
This new construction prevents the 
passage of water through the cable 
from one compartment to another, 
even though the cable be severely 


damaged or cut on the seaward side 


of the bulkhead. According to the 
manufacturer, pressures on the ex- 


posed end will withstand 1,000 psi 
in conformance with the hydrostatic 
test of Mil-C-915A, Amendment 8. 
Multiconductor and coaxial con- 
structions are available for POLAR- 
IS submarines and all deep water 
applications. 
Circle Reply Card No. 104 


Variable Ratio 


Transmission 

Development of a mechanical var- 
iable ratio transmission that incor- 
porates features not available in con- 
ventional gear boxes has been an- 
nounced by the Lycoming Div. of 
the Avco Corp. 

The transmission is the variable 
ratio drive section of a 65 hp con- 
stant speed drive. According to Ly- 
coming, efficiency is more than 90 
per cent over the full speed range. 
This approaches good gear box ef- 
ficiency and means that less horse- 
power is required to drive the unit 
for a given output. 

Outstanding features are an in- 
finitely variable speed ratio, opera- 
tion in extremely high or low am- 
bient temperatures (from —65 de- 
grees F. to 600 degrees F.), and 
simple, compact design. 

Circle Reply Card No. 105 


cable. The white areas represent air 
space inside the rubber 


Vector’s exclusive manufacturing technique now pro 
duces void free underwater cable whose interior 
space has been filled with a rubber-like, cured Polymer 
that withstands necessary operating pressures. 


Write for more information. 


VOID FREE. 
KY 


This is ordinary, unfilled underwater Under pressure, unfilled cable com- Vector “Polymer-filled” cable (illus- 
presses—possibly distorting the inte- 
rior to electrical failure. 


ECTOR 
UNDERWATER CABLE 


_° Polymer-Filled to be Void Free up to 10,000 psi . 


CUSTOM MANUFACTURING: All Vector cables are 
custom-built to specifications. Whatever your require- 
ments, call upon Vector for tops in quality. Write 
today for details, catalog and price information. 


Vector also offers Void Free Waterproof Connectors in special @) 
sizes up to 8 inches in diameter and with one to 56 contacts. 
They withstand 10,000 psi cable to cable or cable to bulkhead. 


ector Manufacturing Company * 


5616 Lawndale Houston, Texas 


trated above) is capable of withstanding 
extreme pressures. It is void free. 
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SECO 1D ISSUE 


ENGINEERS 
EXECUTIVES 
GET AYOUR 


CONTACT 50 TO 1000 
MAJOR FIRMS 


Openings $6,000 to $60,000 


and Confidentially this 


Markets to Get you Top Pay, 


your resume Now. 

Write or Call Now—MIch 2-2532 
Mr. Wm. V. Baker, Suite 2000S 
National Electronics 
Executives Exchange 
6 N. Mich. Ave., Chicago 2, Ill. 


Management Consultants for 
Engineering and Executive Procurement 
and Placement Since 1942 


Get the Best Job in Your Field Rapidly 
New Proven 
Way! Protects Identity. Explores Your 
Oppor- 
tunities and Benefits. INDIVIDUAL JOB 
CAMPAIGNS WHEN DESIRED. Send 
resume in Confidence for Review and 
Action Plan by an Engineer (BSEE and 
Ex-W9BMT from 1924) and Seasoned 
Executive with Experience with Ben- 
dix, Kellogg, Webcor, and 28 years of 
Top Level Nationwide Contacts. All in- 
4 ries handled in complete confidence. 
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E. E. GRADUATES 
& 
PHYSICISTS 


We’ have several positions open for 
experienced engineers or scientists 
who are interested in working on ma- 
rine products. The work involved is 
concerned with advance engineering 
and product design in all phases of 
marine electronics. Current products 
are preponderately for civilian appli- 
cations but increased military partici- 
pation is anticipated. 


The positions afford an excellent op- 
portunity for rapid organizational ad- 
vancement for the right men. It is 
expected that the ideas for products 
and the selection of projects to be 
pursued will be essentially a choice 
of the engineering group. 


Write V. P. Engineering, Electro-Voice, 
inc., Buchanan, Michigan, giving res- 
ume of experience, education and 
salary requirements. Expense-paid plant 
interviews will be arranged with eli- 
gible applicants. 
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Five current projects 


on MECHANICAL EQUIPMENT 
for oceanographic research 


* FOIF—Free Oceanographic Instrument Float. Now 
undergoing deep sea testing, this float follows a free 
flight trajectory to the depths and return. By freeing 
the instrumentation from its connection to the mother 
ship, data gathering is far more efficient and faster. 


GRAPPLING SYSTEMS. A self contained, 
self propelled, remotely controlled grappling 
device for ocean floor work. Utilizing closed 
circuit television and light arrays, the ocean- 
ographer can search out and gather samples 
selectively with this mechanical hand. Also, 
suitable for attachment to bathyscaphes and 
deep diving submarines. 


DUMS-—DEEP UNMANNED SUBMERSIBLES. 
A new self propelled, deep diving unmanned 
submersible which follows a pre-set course 
to any depth for durations of four hours. 
Consisting of a fiber glass case and self con- 


tained jet drive power package, DUMS will . 


collect data throughout large volumes of 
the ocean. 


DEEP CORING DEVICE. Using a new prin- 
ciple in coring, this deep self powered corer 
can cbtain long undisturbed cores of the 
basin sediments. Dropped freely, or cable 
lowered, the corer will level itself, collect a 
200 ft. sample from one location in a vertical 
direction, and then return to the surface. 


CONSTANT TENSION WINCHES. This re- 
search winch holds a constant tension in the 
cable thus eliminating tension and depth 
fluctuations caused by ship reaction to wave 
motion. By utilizing a new servo controlled 
hydrostatic drive, cable breakage and depth 
holding problems are minimized. 


& 


Components for Bathyscaphes and Deep Diving Sub- 
marines - Deep, Fiber Giass Floats - Fiber Glass Pres- 
sure Cases for A.S.W. and Oceanographic Research 


For information on 


Beach, Florida 
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PINOCCHIO eso the story goes... 


gave a whale a bad case of heartburn and, ht ° 


thereby, effected his return to the surface. The p 
“ey puppet’s idea, however, doesn’t approach 

\ the ingenuity needed to solve the problems 

an ; involved in accurately launching underwater the 2 


Navy’s POLARIS missile. Like Pinocchio, the 
‘ POLARIS must get topside before it can perform 


its vital mission, if need be... 
\ WTA engineers are assisting Special Projects, 

. \ Navy Bureau of Weapons in studies and = 
“ok design of essential test and support equipment for 
\ “: , the POLARIS Fleet Ballistic Missile System 
~ which is expected to become operational in late 1960. 
research 

development 
design 
prototypes 
testing 
production 


UNDE! 


Washington Technological Associates, Inc 
979 ROLLINS AVENUE * ROCKVILLE, MARYLAND 
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